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Robert Mearns Yerkes was born in 
Breadysville, Bucks County, Pennsyl- 
vania, not far from Philadelphia, on 
May 26, 1876. He died on February 3, 
1956, in New Haven, Connecticut. In 
his death, both psychology and biology 
lost an outstanding research scientist 
and organizational leader. 

As pictured in his autobiography 
(20), his childhood was the active one 
of a boy on a farm. He liked to work 
with horses and cows. He had many 
small, wild-animal pets. He collected 
tortoise and snake eggs, and watched 
them hatch with keen interest. His 
uncle, a physician in nearby College- 
ville, provided him with work, so that 
it was possible for him to earn his way 
through Ursinus College. On gradua- 
tion, he had intended to study medicine, 
but an unexpected offer of a loan of 
$1,000 for graduate work at Harvard 
led him to go to Cambridge. At this in- 
Stitution he had the good fortune to 
Study with, and to come to know inti- 
mately, most of the philosophers, psy- 
chologists, and biologists of the Har- 
vard of that great day. He was a stu- 
dent and special protégé of Josiah Royce. 
He was also associated with George Her- 
bert Palmer, Francis Peabody, George 
Santayana, and Ralph Barton Perry 
among the philosophers. His teachers 
and associates, among psychologists, in- 
Cluded William James, Hugo Miinster- 
berg, Robert MacDougall, and Edwin 
is Holt. In the laboratory of zoology, 

© worked with E. L. Mark, G. H. 
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Parker, C. B. Davenport, and W. E. 
Castle. His thesis at Harvard dealt 
with the sensory reactions and the phys- 
iology of the central nervous system of 
a type of jellyfish. 

As student and teacher he stayed at 
Harvard from 1897 to 1917. He speaks 
of this period as made up of happy, 
eventful years of research and teaching. 
During this time, he created and de- 
veloped the study of comparative psy- 
chology at Harvard, and he also found 
time for many other important scientific 
activities. On a brief leave of absence, 
he acquired knowledge of neurosurgical 
techniques by working at Johns Hop- 
kins University with the great brain 
surgeon, Harvey Cushing. Later, he 
worked with one of his former students, 
G. V. Hamilton, a medical investigator 
who, in his private laboratory in Cali- 
fornia, had the important new idea of 
working with monkeys to illuminate 
problems of human behavior and human 
psychopathology. 

Under the inspiration of Dr. Ernest 
E. Southard, Professor of Neuropathol- 
ogy in the Harvard Medical School, 
Yerkes worked on a number of prob- 
lems in human neurology and psychi- 
atry. For five years he gave half his 
time to the direction of psychological 
service and research in the Psychopathic 
Department of the Boston State Hos- 
pital, in association with the remarkable 
group of young students who clustered 
about Dr. Southard at this time. It 
was during this period that the Yerkes 
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Point Scale for Measuring Mental Abil- 
ity was developed. (14). In 1913, with 
a former student, D. W. LaRue, he 
published his Outline of a Study of the 
Self (11). His interest in the relation- 
ship of family traits to the personality, 
as treated in this book, is also attested 
by the fact that he sent to the National 
Academy of Sciences, for the file it 
maintains on each member, a Eugenics 
Record Office blank completely filled 
out concerning himself and his near 
family. In this blank, under the head- 
ing “Special tastes, gifts, peculiarities of 
mind or body, character, favorite pur- 
suits, amusements, etc.” he wrote of 
himself (in 1912), “Diligent student 
from youth. Love for research. Left- 
handed. Poor mechanical memory.” 

In his fortieth year, in the spring of 
1917, he accepted a call to leave Har- 
vard and go to the University of Min- 
nesota to reorganize the psychological 
work there and take direction of its lab- 
oratory of psychology. Among those 
who were brought to Minnesota by him 
at this time were Richard M. Elliott, 
William S. Foster, Mabel Fernald, and 
Karl S. Lashley. Herbert Woodrow was 
already at Minnesota at that time. 
The declaration of war, however, made 
it seem inappropriate for Yerkes him- 
self to go to Minnesota and, as it turned 
out, he never physically took up resi- 
dence there. 

In this crisis year he was President of 
the American Psychological Association. 
Because of the fortunate fact—for psy- 
chology and for America—that he held 
this office at this time, and because of 
his energy and his rare gift for the 
effective and rational planning of organ- 
ized scientific programs, he saw the 
challenge that the war could give to 
psychology and he proceeded to take 
quick and positive action. More than 
anyone else, he was responsible for 
mobilizing almost all of American psy- 
chology of the time and placing it at 


the service of the nation. With a group 
of colleagues, he organized and became 
head of the psychological work and ex- 
amining in the new and rapidly expand- 
ing Army. At first, he was given the 
rank of major and later promoted to 
lieutenant colonel. Under his direction, 
115 officers and more than 300 trained 
enlisted men gave intelligence tests to 
1,726,966 individuals. Of this number 
42,000 were commissioned officers. The 
work accomplished by this profeSsional 
psychological group is described in full 
in the great report, “Psychological Ex- 
amining in the United States Army,” 
which he edited and which was published 
by the National Academy of Sciences in 
1921 (18). 

During this same period Yerkes served 
as chairman of a committee of psychol- 
ogists of the newly organized National 
Research Council. He helped to trans- 
form this committee into its present 
and lastingly effective form as the Divi- 
sion of Anthropology and Psychology 0f 
the National Research Council. 

Because of his war work, Yerkes saw, 
possibly more clearly than any other 
scholar of his generation, the real place 
and importance of psychology in the 
service of a complex modern nation. At 
the end of hostilities, therefore, instead 
of going to Minnesota, as he was anxious 
to do, he felt it his duty to stay on in 
Washington to help in the organization 
of science in general and of psychology 
in particular in a nation at peace. 

In achieving this objective, he was 
active in the development of the notable 
Research Information Service of the Na- 
tional Research Council. This office 
provided, among other services, the fol- 
lowing: a catalogue of the research pet- 
sonnel of the country, a list of research 
laboratories in industrial establishments, 
a current list of scientific investigations, 
an index of published bibliographies of 
science, a catalogue of major items O 
scientific apparatus, a list of doctorates 


ROBERT MEARNS YERKES 3 


in science in American universities, and 
many similar services. Owing to a 
series of misfortunes too complicated to 
describe here, but related to a postwar 
national need for financial retrenchment 
and a failure in certain quarters to 
achieve a modern vision of the new and 
truly national place of science in a 
complex society, this work was even- 
tually terminated. Not until the Sec- 
ond World War, in some functions of 
the Office of Scientific Research and 
Development, in the National Roster of 
Scientific and Specialized Personnel, and 
later in the activities of the National 
Science Foundation and the Bio-Sciences 
Information Exchange of the Smith- 
sonian Institution, were some of these 
early and constructive administrative 
ideas again brought into being. The 
analytic “codes” used by Yerkes in clas- 
sifying research workers in these early 
Studies were a great step forward in the 
whole history of the classification of 
fields of science, as well as of scientific 
workers, 

During his Washington period, un- 
der the inspiration of E. W. Scripps 
of the Scripps-Howard newspapers, and 
through the instrumentality of Dr. W. 
E. Ritter, Yerkes participated in the or- 
ganization of Science Service, the non- 
Profit institution for the proper popular- 
ization of science, which still does much 
to make American newspaper and pe- 
riodical reporting of science accurate 
and effective. 

During these same active years, he 
Was concerned in the development of 
two important committees which were 
organized at the National Research 
Council. One of these was the Com- 
mittee on Scientific Problems of Human 

igration which was organized under 
5 a chairmanship in 1922. It grew 
ear of correspondence between Yerkes 
ee members of Congress con- 
bt Ng Problems of immigration. The 

mmittee considered, from the point of 


view of natural science, the complex 
migrational situation resulting from the 
World War. It also prepared and un- 
dertook the coordination of research 
programs intended to provide reliable 
information on the physical, mental, and 
social characteristics of ethnic groups. 
Another committee was that for Re- 
search in Problems of Sex. At the first 
meeting of this committee, in 1922, 
Yerkes was elected chairman. He held 
this post for 25 years. During this time 
the committee expended $1,456,745, 
largely in grants for scientific research. 
It is recorded that 585 individuals par- 
ticipated in this work.t 

In 1924, after this amazingly active 
and fruitful period in Washington, and 
seven years after leaving Harvard, he 
accepted a professorship in the Institute 
of Psychology at Yale, the predecessor 
of the Institute of Human Relations at 
that University. The great development 
of these institutes was encouraged by 
the distinguished psychologist, James 
R. Angell, who was then president of 
Yale. 

A study of Yerkes’ publications, from 
his first paper on the light reaction of 
certain crustaceans in 1899 (1), shows 
in a most dramatic way the depth and 
also the amazing breadth of his scien- 
tific and administrative accomplish- 
ments.? Many of these papers deal 
with the sensory and neural processes 
of a wide variety of living organisms. 
Special attention is given to the speed 
of reaction, to inborn behavior, and to 
the learning process in these publica- 
tions. Among the most important of 
these early contributions are those 


1S. D. Aberle, & G. W. Corner. Twenty- 
five years of sex research: history of the Na- 
tional Research Council Committee for Re- 
search in Problems of Sex, 1922-1947. Phil- 
adelphia: Saunders, 1953. 

2 Psychological Register, Vol. 3. Worcester: 
Clark Univer. Press, 1932; Publications from 
the Yerkes Laboratories of Primate Biology, 
Inc., Orange Park, Fla. (rev. to 1953). 
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which deal with habit formation in the 
crab (2), the sense of hearing in the 
frog (3), and objective nomenclature 
in comparative psychology and animal 
behavior (4). A pook, The Dancing 
Mouse (5), and a paper with S. Mor- 
gulis on the method of Pavlov (6), were 
possibly especially significant. This lat- 
ter paper, published in 1909, was most 
important in introducing the idea of the 
conditioned reflex to English-speaking 
readers. 

In 1911, he published, with John B. 
Watson, the often-quoted monograph 
on methods of studying vision in ani- 
mals (7). In the following year, his 
well-known paper on the intelligence of 
earthworms appeared. In 1913 his work 
on the heredity of savageness and wild- 
ness in rats did much to start a whole 
tradition of research in psychology (12). 
About this time, also, he published a 
paper on color vision in birds (15). 

Interspersed with these technical and 
psychobiological studies are papers in 
what may be called quantitative applied 
psychology. This illustrates a fact not 
always recognized in psychology, that 
the thoroughly trained comparative psy- 
chologist has many techniques at his 
command which are especially useful in 
psychotechnology, or what is now called 
human ‘engineering. In Yerkes’ case 
this tendency is illustrated by his study 
of the psychological aspects of illuminat- 
ing engineering (8), and in his experi- 
ments on the psychology of advertising 
materials (10). 

In his Harvard period he wrote on the 
relation of psychology to medicine (13), 
and indeed much of his time there was 
given to this topic, as illustrated in his 
development of new approaches to the 
measurement of mental capacity, and in 
his studies of mental examinations of 
police court cases (16). He published 
a textbook, Introduction to Psychology 
(9), in 1911. In 1916 his notable 


monograph on the mental life of mon- 
keys and apes was issued (17). 

‘After he went to Yale in 1924, his 
papers began to show a special preoc- 
cupation with the broad and significant 
problems of psychology, biology, and 
medicine, which he saw as related to 
the life of the chimpanzee and the other 
great apes. Possibly the most notable 
publication of his life is The Great 
Apes: A Study of Anthropoid Life (19). 
In reference to this work he writes in 
his autobiography: “In 1905, when I 
was fairly started in my career as 4 
psychobiologist, I began a partnership 
with Ada Watterson (Yerkes), which 
perfectly blended our lives and incal- 
culably increased our professional and 
social usefulness. Successful marriages 
appear in these times to be not unworthy 
of record and remark. Moreover, from 
1905 my professional autobiography is 
no longer mine alone. At this moment 
our partnership is publishing jointly, as 
the outcome of six years of continuous 
preparatory labor, a book on anthropoid 
life, The Great Apes” (20, p. 391). 

In the months between the close of 
his administrative work at the National 
Research Council and his assumption 
of duties at Yale, he devoted the sum- 
mer of 1924 to research in anthropoid 
behavior in Havana in the primate col- 
ony established there by Mrs. Rosalia 
Abreu. 

Once located in New Haven, Yerkes 
threw himself with energy into the 
establishment of a special laboratory 
for the full psychobiological study of 
the great apes. The whole growth of 
this idea is set forth in his book, Chim- 
panzees: A Laboratory Colony (21), 
published in 1943, which describes the 
history of the scientific study of the 
chimpanzee and also the development 
of the laboratories which were essen- 
tially Verkes’ own creations. In the 
epilogue of this volume, he notes that 
in 1900, while he was still a graduate 


ROBERT MEARNS YERKES 5 


student at Harvard, the idea of a spe- 
cial research institute for comparative 
Psychobiology suddenly came to him. 
From that time on, in spite of war and 
administrative duties, he worked earn- 
estly to bring into being something 
which, in its completeness, was alto- 
gether new in the world. This novel 
conception was an adequate research 
aaiue for the comparative study of 
behavior, with special emphasis on the 
Investigation of problems related to the 
great apes. 
a 1925, with the cooperative support 
ee cw and the Rockefeller Founda- 
tg e was able to begin to test out, 
i the feasibility of keeping and 
= g chimpanzees in New Haven for 
i eal purposes. At length, fur- 
rect unds became available for the 
lih ee of his dream of the estab- 
Shore of a laboratory in a region 
fect avorable for the life of these 
e animal subjects than was New 
eae _ After detailed study, a sub- 
whe site at Orange Park, Florida, 
grees This location, about 
s from the city of Jacksonville 
ma rar the St. Johns River, has proved 
is eh fortunate. In 1930 the erec- 
A asic buildings began here, and 
Eo ee of the chimpanzee colony 
ited ab ished. When Dr. Yerkes re- 
fh iAP Director of these laboratories 
that he aat conid be said with assurance 
$ a demonstrated unequivocally 
A scientific importance of this 
tropical ee laboratory in its sub- 
Success gt ee Yerkes described the 
We E this work under the following 
had io ings (21): (a) The laboratory 
cessful “ itself to be capable of suc- 
mentaj ceding and rearing of experi- 
histo animals of known ancestry and 
tof ty. (b) Practical problems related 
K ceding hous} š . 
in fad i using, and hygiene involv- 
ie arge, intelligent, but very 
animals, had been worked 
c) Much basic information con- 


destry, 


cerning the anatomy, physiology, and 
psychology of the individuals of the 
colony had been acquired. (d) A sys- 
tem of laboratory and colony records 
had been established which provided a 
biography of each animal. (e) Special 
studies had been carried out dealing 
with growth, maturation, sexual cycle, 
auditory, visual, and perceptual proc- 
esses, known correlates of behavior, dis- 
criminative learning, development of the 
use of tools; study of symbolism, idea- 
tion, and insight; a study of linguistic 
expression and capacity, of emotional 
traits, social behavior, drug addiction, 
and many other problems. 

After Dr. Yerkes’ retirement in 1942, 
the name of the Orange Park labora- 
tories was appropriately changed, in his 
honor, from the Yale Laboratories of 
Primate Biology to the Yerkes Labora- 
tories of Primate Biology, Inc. 

This is not the place to evaluate in 
detail the many important contributions 
made at the Yerkes Laboratories. A 
list of the workers who have been 
trained at this station, and a study of 
upwards of 400 research papers that 
have been issued there, attest the sig- 
nificance that this institution has had, 
not only in furthering modern scientific 
study of the higher apes, but also in 
the study of the neural and general 
physiological basis of behavior. At the 
time of his death Dr. Yerkes was still 
an active member of the Board of Sci- 
entific Directors of the Laboratories. 
Those who have served with him on this 
Board can all attest to the wise counsel 
that he had given to the Laboratories 
since his retirement as Director. This 
active support meant much to Dr. Karl 
S. Lashley, who succeeded him as Di- 
rector, At Lashley’s retirement in 1954, 
Dr. Yerkes was pleased by the selection 
of Dr. Henry W. Nissen as Director. It 
is a cause for real satisfaction that he 
lived to see the distinguished work done 
at the Laboratories under Lashley’s 
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direction and the fine scientific programs 
now being conducted there. 

During the Second World War, Yerkes 
was active in consulting services in the 
War Department and at the National 
Research Council. For him, the second 
war brought again into a new focus 
some of the old problems with which he 
had wrestled so successfully during the 
First World War. One of the commit- 
tees of the Division of Anthropology 
and Psychology of the National Re- 
search Council during the Second World 
War was the Emergency Committee in 
Psychology. Dr. Yerkes served as chair- 
man of one of its most important and 
fruitful subcommittees—that on survey 
and planning. Out of the work of this 
group grew the notable Constitutional 
Convention at which the present divi- 
sional structure of the American Psy- 
chological Association was formulated. 
Yerkes served as temporary chairman 
of the convention. The constructive 
work of this meeting in establishing an 
organization which held American psy- 
chology together as a single body, in- 
stead of allowing it to dismember itself 
into separate organizations, was in no 
small measure the result of his wisdom 
and long-tested administrative skill. 

Dr. Yerkes was elected to member- 
ship in the National Academy of Sci- 
ences in 1923, and to the American 
Philosophical Society in 1936. As al- 
ready noted, he was president of the 
American Psychological Association in 
1916-17. He was president of the 
American Society of Naturalists in 1938. 
Among other organizations in which he 
was active are the American Academy 
of Arts and Sciences, the American 
Physiological Society, and the Society 
of Mammalogists. He was a member 
of the Cosmos Club of Washington, 
D. C. He received honorary degrees 
from Ursinus, Wesleyan, and Yale, and 
in 1954 he received the New York Zoo- 
logical Society’s gold medal for his 
pioneer work in psychobiology. 


He is survived by his widow, the 
former Ada Watterson; a son, David 
Norton Yerkes of Washington, D. C.; 
a daughter, Roberta Watterson Yerkes 
of New Haven; and a brother, William 
Augustus Yerkes of Southampton, Penn- 
sylvania. 

Dr. Yerkes never retired. Up to the 
very time of his death, he was actively 
concerned in thinking about problems 
of science in relation to comparative 
psychology and the improvement and 
survival of Homo sapiens. In 1945 he 
spoke on chimpanzees as servants of sci- 
ence, on one of the notable nationwide 
series of radio talks of the New York 
Philharmonic program (22). In 1946 
he published a thoughtful, forward- 
looking paper on psychology in world 
reconstruction (23), and in 1951 a 
“gorilla census” (24) which focused at- 
tention on the need for more study of 
that primate. His last publication is 
entitled “The Biologist’s Point of View” 
(25). Certainly the title of this paper 
may almost be taken as the motto of 
his life and work. In everything that 
he did in the study of lower organisms 
or of the higher apes, as well as in his 
dealing with human beings in his many 
and important administrative associa- 
tions, he always thought and acted as a 
humane natural scientist dealing with 
complex independent units of organized 
protoplasm. 

One sentence from this last paper 
well summarizes the guiding faith of this 
distinguished scientist and great man: 
“Even though relatively few of us may 
be scientists occupationally, everyone 
can and should be scientific in spirit and 
understanding” (25). 
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THE APPLICATION OF DIMENSIONAL ANALYSIS 
TO LEARNING THEORY 


AVIVA MENKES AND JOSH MENKES! 
University of Michigan 


Dimensional analysis is an analyti- 
cal method by means of which one can 
obtain functional relations between 
variables in a physical problem. The 
variables must be capable of being 
reduced to an expression in terms of 
a fundamental set (in mechanics, mass, 
length, and time). This paper has 
the twofold purpose of (a) proposing 
a fundamental set for some psycho- 
logical variables, and (b) applying the 
method of dimensional analysis to 
these variables. 

This mode of analysis rests on the 
premise that an equation expressing 
the relationship between a number of 
variables has meaning only if these 
variables have the same dimension, 
where a dimension is any product of 
the fundamental set.? (In mechanics 
this would be M*L*T*, where a, b, and 
c are positive or negative integers or 
zero.) In simple terms, this state- 
ment asserts that one cannot add 
apples and bananas unless one ‘‘re- 
duces” both to fruit. An equation in 
which the variables have the same 
dimension is called dimensionally homo- 
geneous. As this concept is funda- 
mental to dimensional analysis, it will 
be expounded in some detail.? 

The term homogeneous as applied 
to algebraic equations implies that 
each term in the equation has a com- 


1In the Department of Aeronautical Engi- 
neering. 

2 This is a purely mathematical definition of 
dimension. An equivalent definition is:-A 
dimension is the qualitative aspect of a quan- 

ity. 
i 7 A detailed account of the method and its 
uses can be found in Bridgman (3) and Lang- 
haar (5), both of which require a minimal 
amount of mathematical background. 


mon factor, say, x. This factor can 
be divided out and the equation will 
still hold true, e.g., 5% — 4xy = 0. 
This equation is said to be homogene- 
ousinx.4 Equations involving dimen- 
sions, where a dimension is the quali- 
tative characteristic of an object, are 
no exception. (Object is used here 
as a member of a class containing at 
least two terms which can be charac- 
terized both quantitatively and quali- 
tatively.) Consequently, x could be 
a dimension and then the equation 
would be said to be homogeneous in 
the dimension x, or simply dimension- 
ally homogeneous. If y were consid- 
ered to be a dimension, the equation 
would of course be meaningless. In 
a dimensionally homogeneous equa- 
tion we can cancel the dimensions and 
are left with a relation that involves 
only pure numbers, and is thus inde- 
pendent of the method of measurement 
that was employed in establishing the 
equation in the first place. Since the 
laws of arithmetic apply only to rela- 
tions of pure numbers, it is clear that 
in order to manipulate our equations 
we have to make sure that we handle 
equations that are dimensionally ho- 
mogeneous. This requirement is the 
foundation on which we will build our 
analysis. 

It is now necessary to demonstrate 
that dimensional homogeneity is a re- 
quirement to be fulfilled by all func- 


tions containing psychological vari- 
ables. 


4 There exist more rigorous definitions of 
homogeneity for equations of higher degree, 
which, however, are unnecessary for this 
paper. 
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The relationships between two psy- 
chological variables can be essentially 
of two natures. It can be (a) in the 
form of an equation expressing the 
functional relation between variables, 
or (b) of a correlational type. In the 
first case, One can equate two classes 
of objects only if both exist and both 
contain equivalent elements (6, pp. 183- 
185). Asan object is characterized by 
a quantity and a dimension, an equa- 
tion must by definition be dimension- 
ally homogeneous. In the second case, 
it could be argued that one could fit 
a curve to experimental points and 
consider the curve as describing the 
relationship of the two variables, main- 
taining that nothing in the operations 
Performed actually demanded dimen- 
sional homogeneity. Consider the 
simple case where the relation was 
found to be approximately linear. 
The curve fitted to such points would 
be of the form: y = a + bx, and let 
us assume furthermore that y and x 
have different dimensions but have 

een demonstrated to be related to 
each other. However, b is nothing 
but dy/dx and a = Yo, i.e., the value 
of y at x = 0. Rewriting the equa- 
fen as y = yo + (dy/dx)x, we imme- 
lately recognize it as a dimensionally 
'omogeneous one. In case the rela- 
pees is not linear, but is ‘‘well- 
oe (a most plausible assump- 
bas to make) the function can be 
$ Pressed as a Taylor Series, which, 
Pun very mode of its construction, 
tmensionally homogeneous.’ 

ŽA “well-behaved” function is one which 


a . 
canes smoothly and continuously. This 
Hosea exclude oscillatory and similar func- 


6 
woy “well-behaved” function of an arbi- 
asa capes of variables can be expressed 
Mathe 2 /t Series. As a matter of fact, the 
is Ries definition of well-behavedness 
tions c alent to the statement that the func- 
Very an be expanded as a Taylor Series. 
be o ea idard treatise on the calculus can 
Series, sulted on details about the Taylor 


One is thus forced to conclude that 
the functions of psychology should 
also fulfill the requirements of dimen- 
sional homogeneity. There are two 
implicit assumptions involved in this 
presentation. The first is that the 
variables are measurable by at least an 
interval scale. (The scaling method 
that dimensional analysis generates 
will be shown later.)? The second 
assumption is that deterministic laws 
can be found in the particular area of 
investigation. The possibility of de- 
scribing the phenomena probabilisti- 
cally is not rejected. As to which of 
the two approaches is the more fruitful 
one, only time will tell, and in the 
meantime we find comfort in a state- 
ment by Einstein in a letter to Max 
Born. “You believe in the dice-play- 
ing God, and I in the perfect rule of 
law. ... I am absolutely convinced 
that one will eventually arrive at a 
theory in which the objects connected 
are not probabilities . . .”” (2). 

The necessity for dimensional homo- 
geneity imposes certain restrictions on 
the relationship in which variables can 
appear in an equation. Thus by 
knowing the variables but nothing 
about their relationship to each other, 
one can by some very simple manipu- 
lations find their functional relation- 
ship.8 Upon considering the applica- 
bility of this method to psychology, 
one is confronted by the problem that 
no independent members of a funda- 
mental set, or basic dimensions, have 
been ascribed to psychological vari- 
ables. The place of dimension in 


7 Coombs has developed the notion of four 
types of models—the compensatory, conjunc- 
tive, disjunctive, and lexicographic. Dimen- 
sional analysis is a method usable only on 
compensatory models. Thus, if the method 
does not turn out to be useful, the possibility 
that the variables under consideration do not 
act in a compensatory manner is always 

ssible. 

8 See footnote 3. 
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physics can be illustrated by the fol- 
lowing quotation: 

In the domain of mechanics we are called 
upon to deal with various aspects of nature to 
which we give such names as length, mass, 
time, force, velocity, momentum, energy, etc. 
By common consent (our italics) we take the 
first three of these as basic and independent. 
_.. If we then fix units for the measurement 
of these three basic quantities, we are imme- 
diately in a position to express the measure of 
any other quantity... in terms of these 
basic units (5). 

We now have to proceed by analogy 
from the physical sciences and assume 
the existence of a fundamental set of 
variables (which are measurable di- 
rectly or indirectly with a certain degree 
of precision) such that all other vari- 
ables in the particular area of investi- 
gation can be expressed in terms of 
this fundamental set. A purely hy- 
pothetical example will illustrate this 
point; if tension and attention are 
considered basic dimensions, then per- 
ceptual vigilance or defense could be 
stated as changes in attention with 
respect to tension. 

Dimensional analysis can thus be 
used for the following purposes: 

1. Given the variables that are rele- 
vant in a particular situation, and 
given the dimensions of these vari- 
ables, a function can be found which 
expresses the relations of all these 
variables to each other without experi- 
mentation, only by means of some 
simple analysis. 

2. In case the variables known to 
be important in a particular situation 
cannot be combined into a dimension- 
ally homogeneous equation, it can be 
construed as a sign that an important 
variable is missing—or certain vari- 
ables could be neglected. As the 
dimensions of the supposedly missing 
variables may suggest themselves upon 
examination, this has an important 
heuristic function. A simple example 
from mechanics will be introduced so 
that we will not have to deal in ab- 


stract generalities. It was known 
from experimental investigations that 


R & S/a, 


R being the resistance caused by two 
bodies sliding over each other, say 
submersed in oil, which is proportional 
to the relative speed S, and the dis- 
tance of separation a. The dimen- 
sions of these variables are R = F/L’, 
S= L/T anda = L. This equation 
can also be written as 


R= KX S/&, 


where K is called the constant of pro- 
portionality, whose dimension must 
be chosen so as to make the equation 
dimensionally homogeneous. It will 
obviously have to be TF/L*. This 
variable was called the coefficient of 
viscosity, and was found later to be 
an important variable in physical 
problems. In addition, the dimen- 
sions of this variable can be fully 
justified on the basis of fundamental 
laws of mechanics and make good 
physical sense. 

3. Dimensional analysis can be used 
to scale psychological variables. The 
discussion of this application will be 
postponed to a later point in the paper 
until a specific example from the psy- 
chology of learning can be utilized. 

Dimensional analysis can not tell 
the investigator which variables are 
functioning in a situation (except in 
the sense of point 2, above). It is not 
a theory—in the sense of a guide for 
the selection and definition of vari- 
ables. Itis merely an analytical tool, 
useful once the selection of variables 
and the assigning of dimensions tO 
these variables has been accomplished. 

The important thing to remember 
is that there is absolutely nothing 
about dimensions that is God-given or 
intuitively apparent, apart from the 
fact that dimensions are variables in 
terms of which all other variables can 
be expressed. 


DIMENSIONAL ANALYSIS 


Application to Hull's Variables 


Now that the method has been ex- 
plicated the afore-mentioned purpose 
of the paper will be attempted. It is 
fully realized that the dimensions ar- 
rived at are only tentative, and might 
turn out to be quite fruitless, though 
this would not necessarily imply the 
lack of utility of the approach. 

: The variables in the following equa- 
tion will be expressed in terms of drive 
and time, which will be considered as 
basic dimensions. 


sĒr = f(sHn, V, J, K,D, sIr, In) (4). 


Reinforcement itself is not included 
as a variable but, as it plays an impor- 
tant role in the other variables, dimen- 
sions will be assigned to it. As drive 
reduction occurs in an interval of time, 
reinforcement can be thought of as a 
change of drive with respect to time, 


an it is expressible as a derivative 


apo DIT. 


a K is the incentive, and its amount 
is assumed to determine the slope of 
the reinforcement curve; it can there- 
fore be expressed as the second de- 


. m €D 
Tivative IP or DT. 

V represents the stimuli evoking the 
response. It was found very difficult 
meang their dimension in terms of 
: ir function, but as Hull assumes 
a Ea to attain secondary reinforcing 

alue, they will, provisionally and with 
eeivings, be considered as having 
ne same dimension as reinforcement.? 
whe is a function of the number of 
hee gs and its dimension 1s 
ee ore the same as that of rein- 
ement itself. 
are delay, has an effect that is 
af as d etoK. Itcanalso be thought 
infore etermining the slope of the re- 
is the nent curve, and its dimension 
€refore the same as that of K. 


* See footnote 3. 
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Ir and sIp can be thought of as 
making for an increase in drive,which 
lessens the strength of sEr. Their 
dimension is therefore equivalent to 
reinforcement, though opposite in its 
effect. 

sEpr will be considered to have the 
dimension of time because it is meas- 
urable directly or indirectly in terms 
of latency scores. 

To summarize the dimensions of the 
variables: 


sEr =T K = DI- 
sHr = DT J= Dr 
siz, Iz = DT D=D 


These variables may now be grouped 
into nondimensional clusters, a non- 
dimensional cluster being a group of 
variables which is a pure number, 

sHr r wnai DIT? 

ego Te or dimensionally Dr" 
Some of these groupings might turn 
out to be important in experimental 
situations, i.e., the variables function 
interdependently—a change in one 
with a concomitant change in the 
other (so that the value of the non- 
dimensional cluster remains constant) 
should result in no change of an inde- 
pendent variable. 

Two such nondimensional ratios 
may be plotted against each other by 
systematically varying only one vari- 


sEa 


Rl--------- 


K 
K~ INCENTIVE 


Fic. 1. Illustration of scaling technique. 
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able in one and obtaining measures 
for only one variable in the other, and 
thus achieving a two-dimensional 
graphical representation of more than 
two variables. 

Now the use of dimensional analysis 
in scaling can be shown. If a cluster 
has been demonstrated to be truly 
nondimensional, then it can be plotted 
as shown in Fig. 1. If D, is six hours 
of deprivation and Dz is twelve hours 
of deprivation, and we assume the one 
to be twice the amount of the other— 
i.e., we use these as a base line—then 
Ky, can be considered to be twice the 
amount of Ky. Or, more cautiously, 
the relationship of the magnitude of 
Kı to Kz is the same as that of Dı 
to Ds. 

With the above-mentioned variables 
the following nondimensional clusters 
were formed: 


KD , sr K sHrXIr 
TEX (Br) slr’ J’ VX sIr 


Whether. these are truly nondimen- 
sional will have to be determined ex- 
perimentally. 

Assuming these clusters to be non- 
dimensional, the following combina- 
tion into an equation is possible: 


sE: K _ c (Ay 
DO HAN ie le 8% 


ee) 
KNOL Jiale V d 
The value of the constant and the ex- 
ponent will have to be determined 
experimentally. This is not the only 
possible equation. Other dimensional 
homogeneous equations are equally 
acceptable ; however, the number pos- 
sible is highly restricted. At this 
point such predictions are obviously 
premature, but quite feasible after 
some systematic investigation. 


sEr = 


Preliminary Experimental Investiga- 
tion? 


Some evidence that the present 
analysis might be adequate was gained 
by the following pilot study. 

The purpose of the experiment was 
to establish whether the variables K 
and D were compensatory as the above 
analysis would suggest. (See the non- 
dimensional cluster 


EXD 
Je (Const. = 


sEr*] 


Procedure. It was first necessary 
to establish whether D and K (of 
which preference was considered to be 
the index) were independent of each 
other. Three different saccharine so- 
lutions were presented to two groups 
of albino rats (N = 24) under condi- 
tions of 24 and 8 hours of water 
deprivation. They had free access to 
all three solutions, and the amount 
consumed of each was recorded. Both 
groups preferred the same solution, 
namely, that found optimally pre- 
ferred by Beebe-Center (1). It was 
therefore concluded that D and K 
were independent. 

In the experiment proper, two 
groups of albino rats were trained in 
a Skinner box. For each bar-pressing 
a drop of fluid was released into a 
plate. The animals were trained until 
their average pressing rate was con- 
stant over a 3-day period. One group 
was trained under 6-hour water depri- 
vation and presented with the opti- 
mally preferred saccharine solution, 
the other being trained under 22 hours’ 
deprivation and reinforced with plain 
water. 

The sEr measure taken was rate of 
response after it had leveled off. The 
mean response for the two groups was 
F ©The authors would like to express their 


sincere thanks to Dr. Russell Clark who 
guided the design and execution of these tests- 
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TABLE 1 


RATE or Bar-Pressinc IN SKINNER Box 
UNDER Two EXPERIMENTAL CONDITIONS 


Group I Group II 


8 hrs. depriva- 


tion saccharine | 16 hrs. depriva- 


tion water 


a reinforcement 
Mean 4.08 4.06 
SD 45 38 


calculated, the results being as shown 
in Table I." 

Conclusion. The difference between 
the two groups would occur by chance 
100% of the time as # = 0. It was 
therefore considered reasonable to ac- 
cept the null hypothesis. 


SUMMARY 


The method of dimensional analysis 
Was presented. Its uses as a method 
of combining variables into functional 


n i A 
A more detailed report of experimental 


Procedure and findings can be obtained upon 
request, 
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relationships by analytical considera- 
tions, as a way of discovering new 
variables, and as a tool for scaling 
were discussed. Some variables of 
the psychology of learning were di- 
mensionalized and analyzed by means 
of the above methods. These con- 
siderations yielded a number of pre- 
dictions, one of which was subjected 
to a preliminary test. The results 
were as predicted. 
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A LANGUAGE FOR PERCEPTUAL ANALYSIS 
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The aim of this paper is to develop 
further the theory of behavior that has 
already been outlined by the authors in 
a previous publication (3).’ In par- 
ticular, it aims to develop that part of 
the total theory which deals with per- 
ception and to clarify what has some- 
times been called the “‘nativist-empiricist 
controversy.” The method we have 
adopted in presenting the over-all the- 
ory is to proceed by degrees toward a 
state of greater precision by selecting 
for elaboration at each stage some single 
aspect of the whole theory. It is at 
present a skeleton theory, where we are 
attempting to lay down a language to 
deal with the principal problems of be- 
havior. The aim is as much meta- 
theoretical as theoretical, and involves 
the clarification of existing terminology 
as well as the laying down, albeit tenta- 
tively, of rules for the wse of such 
terminology. 


Tue MODEL: GENERAL 
BEHAVIORAL UNIT 


The behavioral model centers around 
the notion of a belief. It is suggested 
that a belief is ultimately to be in- 
vestigated in terms of the states of the 
central nervous system; but it may be 
thought of, in the Peircian manner, as 
“that which disposes the organism to 


1 United States Public Health Service Post- 
Doctoral Fellow in Clinical Psychology. 

2 The authors wish to thank Dr. John W. 
Yolton of the Department of Philosophy, 
Princeton University, for his continued helpful 
advice, especially with this paper. 
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act” (8). Belief is here used as a theo- 
retical term, a sort of logical construct. 

Beliefs are considered to be relatively 
permanent states of the central nervous 
system. In everyday terms, they are 
those stored memories whose contents 
specify for the organism what may be 
expected to happen (Sə) if certain be- 
havior (R;) is performed under certain 
stimulating circumstances (S;). Since 
at any given moment the organism’s be- 
havior is a function of a relatively few 
of the totality of its stored beliefs, we 
shall call those beliefs which are ac- 
tually influencing behavior at any given 
instant of time expectancies (E (Ri — 
S2)s, or more briefly, Es). Beliefs may 
be converted into expectancies through 
the action of the activating stimulus 
state (S1). This activating stimulus 
state is a conjunction of motivational 
stimuli (Sms), stemming from the mo- 
tivational state (M) of the organism, 
and of the stimulus complexes (S*s). 

Both the Sms and the S*s are sub- 
classes of the class of stimuli that have 
been associated with particular beliefs.* 
Sms are, of course, internal to the or- 
ganism, while the S*s may be either 
external or internal. One possible sub- 
class of S*s (the relation may actually 
be one of overlap, class exclusion, or 


3 We have previously defined “stimulus” as 
“any change of energy which impinges upon 
the nervous system such that it brings about 
activity of that system. The source of this 
energy change may be either external or in- 
ternal to the organism” (3, p. 31). Obviously, 
not all such stimuli have been associated with 
particular beliefs. 


LANGUAGE FOR PERCEPTUAL ANALYSIS 15 


class inclusion) is the class of modify- 
ing motivational stimuli (MMs) which 
are capable of changing the internal 
motivational state (M). This motiva- 
tional state, which is seen as being com- 
posed of two factors, drive (D) and 
urgency (U), may act to determine the 
range of the expectancies transformed 
from beliefs.* 

After a range of expectancies has 
been transformed from the totality of 
Stored beliefs by the activating stimulus 
State (S,), a hypothetical process is 
postulated by which the range of ex- 
Pectancies is scanned. This process of 
Scanning leads to the “selection” of a 
Single expectancy whose correlative re- 
sponse (R,) is the one that will be 
Subsequently emitted. The “selection” 
of the single expectancy during the 
Scanning process is made in terms of 
(a) the strength of the belief underly- 
Ing the expectancy, and (b) the valence 
of the expectancy. Valence, in turn, is 
4 function of the anticipated reward and 
the anticipated effort involved in the 
Projected response. The emission of 
the correlative response (R1) associated 
with the chosen expectancy follows 
automatically upon the selection of that 
expectancy. This response will either 
be followed by the anticipated out- 
come (Sz), in which case either a con- 
firmation of the correlative belief will 
take place, or it will not, in which case 
a falsification of the belief will follow. 
a whole process, beginning with the 
Cie eormation of beliefs into expectan- 
a by the Sı and ending with confirma- 
aal or falsification, is called the gen- 

& behavioral unit. 

hile the interactions of the above 


ae 
“a stew tivation” has been defined by us as 
Ate of the organism, compounded of drive 
um eee factors, which, through the me- 
chai Motivational stimuli (Sms), produces 
Dlexeg hrs conjunction with stimulus com- 
and SA *s) through the elicitation, rehearsal, 
tion ection of expectancies; and the elicita- 
of responses” (3, p. 33). 


variables are too complex to be pre- 
sented in any adequate detail here, a 
few further points should be made. 
Which beliefs are converted into expect- 
ancies depends upon the previous asso- 
ciation between certain stimuli and cer- 
tain beliefs. Beliefs are thus acquired 
by contiguity—the association in ex- 
perience of activating stimuli (Sis) 
with means outcomes (Ri — Ses). Such 
experiences may be direct ones, wherein 
physical energy changes, forming the 
basis for the stimuli, emanate from that 
event about which the organism acquires 
beliefs. But many beliefs are learned 
indirectly through the use of symbols, 
where the emanating energy changes 
from the event do not in any direct fash- 
jon determine the beliefs about that 
event. Thus, knowledge may be ac- 
quired either through direct acquaint- 
ance or through description.® Apart 
from their acquisition, beliefs may be 
strengthened (through confirmation) or 
weakened (through falsification), either 
by description or by direct acquaint- 
ance, by going through the steps of the 
general behavioral unit (GBU). 

Motivation is not only an important 
factor in the determination of the range 
of expectancies elicited for scanning, but 
it also plays an important role in the 
selection process through its indirect ef- 
fect upon the valence. Further, motiva- 
tion operates to determine the speed of 
selection as well as the speed and 
strength of response elicitation. 

There are other behavioral units 
called the perceptual behavioral units 
(PBUs) which are closely related to 
GBUs, and are necessary to them. For 
every GBU there must exist a PBU to 
categorize the originally registered ac- 
tivating stimulus state (Sı). A PBU 
is also necessary to identify the outcome 
or goal (S2) to allow assessment of con- 
firmation OY falsification. It is clear 


5 It has been suggested that certain stimulus- 
belief associations may be innate as well. 
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that a PBU must precede every GBU 
and must also follow every GBU. The 
possible exception is in so-called “think- 
ing,” where GBUs might follow each 
other. 


Tur MODEL: PERCEPTUAL 
BEHAVORIAL UNIT 


We shall now turn our attention to 
the perceptual behavioral unit (PBU) 
itself and note, first of all, the similar- 
ities and differences between it and the 
previously described general behavioral 
unit (GBU). 

In general, the basic form of the 
PBU is similar to that of the GBU. 
After proper encoding, certain of the 
stimuli impinging on the central nerv- 
ous system are capable of transforming 
beliefs into expectancies; then, through 
the process of scanning, one of the ex- 
pectancies is selected, and a response en- 
sues. But there are certain important 
differences between the details of the 
GBU and the PBU that must be noted. 

1. The first difference concerns itself 
with the nature of the final response 
(Rı). In the PBU the R; is the covert 
response of categorizing or classifying 
the impinging stimuli. Such a response 
is best thought of as occurring entirely 
within the central nervous system, and 
as not necessarily involving conscious 
awareness. In contrast, the R, of the 
GBU may be any number of different 
actions, some of them overt (motor ac- 
tivity) and some covert (emotional 
changes, “thinking”). 

2. We must distinguish between the 


contents of the beliefs of the PBU and 


those of the GBU. In the PBU, be- 
liefs concern themselves with such cog- 
nitive actions as seeing, hearing, tasting, 
etc.—in general, those activities which 
have traditionally come under the rubric 
“sensation and perception.” They in- 
volve the action of the central nervous 
system as the organism “apprehends” 
its external, as well as its internal, en- 


vironment. Perceptual beliefs can be 
expressed as conditionals of the form: if 
the impinging stimuli (the S,) have been 
categorized as Cı (the Rı), then the 
subsequent impingement by other stim- 
uli of the categories Ca ...C, (the 
S2) is likely to obtain, with the prob- 
ability P. What the conditions are un- 
der which these probable impingements 
will take place also forms the content 
of perceptual beliefs—or, more precisely, 
the perceptual meta-beliefs. 7 

For convenience’s sake, we shall con- 
sider all those beliefs that are concerned 
with the perceptual categorization of 
events to be perceptual beliefs, and all 
others general beliefs. That such an 
arbitrary division as this is only a tem- 
porary verbal convenience will be ap- 
preciated when we now note the close 
relationship between GBUs and PBUs. 

3. In the GBU, in order for an ac- 
tivating stimulus state (Sı) to trans- 
form a belief into an expectancy, it is 
first necessary that the S; be perceived. 
By perception, of course, we mean the 
action of a categorizing response which 
is the Rı of an immediately preceding 
PBU. That is to say, in order for a 
GBU to take place it must be preceded 
by a PBU. On the other hand, in the 
PBU, in order for an S, to transform 
a perceptual belief into a perceptual ex- 
pectancy we must arbitrarily assert that 
it is not possible that the S, be preceded 
by a categorizing response. (Indeed, if 
in the present theory this were per- 
mitted, we should obviously be involved 
in an infinite regress.) Thus, for the 
PBU, given a particular S,, those per- 
ceptual beliefs that are associated with 
the Sı will immediately and automat- 
ically be converted into perceptual ex- 
pectancies. This transformation will 
take place without the Ss being first 
perceptually categorized. The only cat- 
egorization involved is the R, which 
ends the PBU. f 

4. Since there may be more than one 
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perceptual belief associated with a given 
Si, the question arises as to which of 
the beliefs converted into perceptual ex- 
pectancies will be selected. Such a se- 
lection will lead automatically to the 
categorizing response, Ri, of the PBU. 
We have seen that in the GBU the 
selection of the expectancy which leads 
automatically to the R, is a joint func- 
tion of (a) the valence of the expect- 
ancies which have been transformed 
from beliefs, and (b) the strength of 
the beliefs correlative with these ex- 
Pectancies. In the PBU, however, while 
these two factors of valence and belief 
Strength also operate to select a single 
expectancy, it is the latter that seems 
to play the more important role. This 
does not mean that valence may not be 
important, especially when the stimulat- 
Ing circumstance (S4) is ambiguous and 
when motivation is strong; but, on the 
whole, the strength of the perceptual 
belief is primary in the selection of a 
Particular perceptual expectancy leading 
to the R, of the PBU. By strength of 
Perceptual belief we mean, simply, the 
degree or strength of association exist- 
Ing between a particular Sı and a par- 
ticular perceptual belief. 

5. Unlike the GBU, the final step in 
the PBU is not an outcome or goal (S2) 
Saas is then followed by another PBU 
ae to a categorizing response, for 
his would now involve us in an infinite 
Progress. Rather, the PBU ends with 
an Ry, the categorizing response. This 
Perceptual categorization may, however, 
a subsequently confirmed or discon- 

rmed; and this, in turn, will lead to 
= Strengthening or weakening of the 
eee perceptual belief through 
fn mation or falsification. Such con- 
in a or falsification may take place 
a Hg ways. First, the outcome (S2) 
e response (R,) of the subsequent 
May either confirm or falsify the 
cality of the previous perceptual 
Orizing response. Secondly, a sub- 


Veridi 
Categ, 


sequent PBU, because of the content of 
the organism’s belief system, may be 
categorized as being either compatible 
or incompatible with the previous PBU 
in question. And this, in turn, may 
bring about a confirmation or falsifica- 
tion of the previous PBU, leading to the 
strengthening or weakening of the cor- 
relative perceptual belief. It should be 
noticed that perception is normally re- 
garded as certain by the organism, and 
is not thought of as requiring further 
confirmation. 

We must distinguish between beliefs 
regarding perceptual events and beliefs 
regarding perceptual rules. We might 
also talk of perceptual beliefs regarding 
rules about rules. Another way of dis- 
tinguishing these various levels of per- 
ceptual beliefs is to call them “beliefs,” 
“meta-beliefs,” and “meta-meta beliefs,” 
etc. 

Let us now continue our examination 
of the PBU in detail. We have previ- 
ously defined the activating stimulus 
state (S1) as “. .. that state of the 
central nervous system which is capable 
of transforming specific beliefs into ex- 
pectancies” (3, p. 32) and we have con- 
sidered the S, to be made up of stimulus 
complexes (S*s) plus stimuli arising 
from motivational states (Sms). But 
in order to specify more precisely the 
functioning of the S, in the PBU, it is 
convenient to partition Sis into three 
subcategories: (a) cues, (b), clues, and 
(c) signs. 

We shall postulate, as part of the 
connotation of the words “cue,” “clue,” 
and “sign,” that they refer to the or- 
ganism’s use of certain stimuli after they 
have been associated with specific per- 
ceptual beliefs. Thus, we shall consider 
cues, clues, and signs to be a subclass 
of the class of activating stimulus states 
(Sis) rather than, say, a subclass of 
stimulus complexes (S*s) or motiva- 
tional stimuli (Sms). For we wish to 
make it clear that cues, clues, and signs 
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have their functional basis not only in 
events external to the organism, but also 
in events internal to it, such as beliefs, 
attitudes, motivations, etc. 

1. cues (Cus): A subclass of the 
class oj activating stimulus states (Sis) 
which stems from objects or events, 
either internal or external, which are be- 
ing apprehended directly by the organ- 
ism through knowledge by acquaint- 
ance.® 

Cues from external events may be 
modified by internal Sms stemming from 
concomitant motivational states. Con- 
versely, cues from internal events may 
be modified by S*s stemming from con- 
comitant external events. 

2. cLUES (Cls): A subclass of activat- 
ing stimulus states (Sys) which stems 
from the context, ground, or surround 
in which the apprehended object or 
event, either external or internal, is im- 
bedded. The apprehension of a clue by 
the organism is direct, i.e., through 
knowledge by acquaintance. 

Unlike cues, clues are not apprehended 
in and of themselves; if they are ex- 
perienced at all, they are experienced in 
conjunction with cues, and they usually 
exert influence upon the apprehension 
of the concomitant cue, and vice versa. 

Clues, then, are Ss which inform the 
organism about some events or objects 
other than themselves. Such informa- 
tion may have to do with such “objec- 
tive” matters as the size, color, shape, 
location in space, etc., of objects as well 
as such “subjective” matters as pleas- 
antness, attractiveness, harmfulness, etc. 
Such information as is given by clues 
may or may not, of course, be veridical. 

3. stcns (Sus): A subclass of the 


6See the authors’ previous discussion (3) 
for the distinction between knowledge by de- 
scription and knowledge by acquaintance. 
“Apprehended” is a neutral term that can be 
easily defined as a function of the Sı. That 
is, it is simply the registering of a stimulus 
by the central nervous system—not necessarily 
in consciousness. As used in this paper, “ex- 
perience” has a similar meaning. 


class of activating stimulus states (Sis) 
which the organism, through the ac- 
quisition of beliefs, has learned stand for 
other stimuli. 

As can be seen by the definition, signs 
are closely related to clues, since they 
are a subclass of Sıs which are con- 
cerned with objects or events other than 
themselves. But, unlike clues, which 
must always appear with the object or 
event about which they yield informa- 
tion, signs may give information about 
objects or events which are not simulta- 
neously present. In this sense, clues 
may be considered to be a kind of sub- 
class of the class of signs. 

As we see from the above definition, 
signs may come to stand for, or be sub- 
stitutable for, or come to represent ob- 
jects or events to the organism which 
are not now present. In fact, under 
special circumstances, they may come to 
stand for events or objects which can 
never be known directly (i.e. through 
knowledge by acquaintance) by the or- 
ganism. Thus, though the information 
the clue conveys is always about an ob- 
ject or event known through knowledge 
by acquaintance, in the case of signs 
this need not be so. This is particularly 
true of signs that are encountered in 
language (7) which are used in formal 
and informal education to convey infor- 
mation about objects or events which 
may never be directly experienced by 
the organism.” Cues as well as clues 
may, of course, act as signs under spe- 
cial circumstances. 

_ This is by no means a sufficient analy- 
sis of signs, since that part of the glos- 
sary definition which says they “stand 
for” itself requires a great deal of fur- 


ther explanation. There is no space for 
this analysis here. 


7 While it is theoretically possible for all but 
the very first sign-object association to be 
learned through knowledge by description, in 
most actual cases the child learns most of 
his early language signs by experiencing di- 
rectly both the sign and the object, usually 
contiguously in time. 
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Objects and events about which cues 
and clues convey information can be ex- 
Perienced only directly, while the ob- 
Jects or evenis about which signs con- 
vey information can be experienced 
either directly or indirectly. Knowledge 
about cues, clues, and signs, however, 
may be acquired either through knowl- 
edge by acquaintance or knowledge by 
description. 

The, breaking down of Sjs into the 
above subclasses may often turn out to 
be Yather arbitrary; nevertheless, it is 
believed to be a convenient way of de- 
scribing the various functions of the ac- 
tivating stimulus state in the PBU. 
The point of breaking down the in- 
tegrated act of perception, in the way 
described, is to avoid the impasse of 
classical Gestaltism which allows too lit- 
tle of the necessary analytical processes 
of science, At the same time our re- 
construction is intended to cater to the 
wholeness principle of Gestaltism which 
has been too often overlooked by clas- 
Sical behaviorism. 

H wane, when we apprehend an object 
7 verit, we are not able to categorize 
th po or fully, to our satisfac- 
je Dg the first attempt. Instead, we 
He i rst categorize it one way and then 
ro me and so on. We may, of course, 
Heat! nto account each one of our “abor- 
Gite ie to form a con- 
Se ion of interpretations from which 
eg our final categorizing re- 
keni . Or we may make use of fur- 
ject Ipc «oa gu from the ob- 
eet event itself. Or, finally, by ex- 
op & our past experiences, through 
Sue beliefs, we may try to 
tie te what this object or event 
egorizatinn We then arrive at a cat- 
to fo | n upon which we are prepared 

» Msofar as we are relatively sure 


our : . : 
one,8 ur categorization is a “correct” 


8 Th 
Us to = Word “categorization” is intended by 
any ge both (a) the activity of separating 
© parts of “sensory time-space,” and 


From this we see that we can look 
upon the perceptual process as consist- 
ing of a finite series of interpretations: 
Ii, Io, . . . In, where J, is that inter- 
pretation or categorization upon which 
the organism is prepared to act. In the 
limiting case, the series of interpreta- 
tions may, of course, be only two—J;, 
To, or even merely J;. The series of cat- 
egorizations may take place extremely 
rapidly, and it is only on relatively rare 
occasions that such a series is slow 
enough and perhaps difficult enough, 
so that we become conscious of this 
process 

It is therefore necessary, for any 
complete description of the perceptual 
process (or process leading to percep- 
tion), to make allowances for such a 
series of interpretations or categoriza- 
tions. We shall, therefore, distinguish 
between what we will term the provi- 
sional categorizing responses (PCRs) 
and the final categorizing response 
(FCR), the latter being of particular 
interest since it forms the S, of the 
subsequent GBU. 

From what we know of visual percep- 
tion, those categorizations and inter- 
pretations of “the given” (S*s and Sms) 
which occur early in the total percep- 


(b) the subsequent activity of drawing up 
classifications in terms of similarities and dif- 
ferences. In this sense, the word has a 
broader meaning than is usually intended. 

The reader should not infer from what 
has been said that we are here advocating any 
return to the structuralist position in which 
perception is compounded of elementaristic 
units bound together by the “cement” of 
association. But the rejection of such a posi- 
tion is not to deny the piecemeal, serial nature 
of so many of our perceptions. Further, 
when operating within a linguistic model, such 
as the one we are proposing, such an analytic 
tool as a series of terms, not necessarily func- 
tionally independent, seems absolutely neces- 
sary. Thus, there is an important relation- 
ship between the analytic (logical) and the 
psychological meaning of “interpretation.” 
Any such discussion of this relationship, such 
as would be elaborated in pragmatics, would 
not be appropriate to this paper. 
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tual process are primarily concerned 
with such matters as the separation into 
figure-ground, form, color, texture, etc., 
leading to categorizations of basic rec- 
ognition. Whether these categorizations 
and interpretations which occur early 
in the perceptual process are acquired 
through experience, as suggested by Von 
Senden and Hebb (10, 4), or whether 
they are part of the built-in functions 
with which we are born (6), is an issue 
which cannot be settled at this time. 
We are here merely pointing out the 
fact that certain perceptual processes 
are prior in time to others. The later 
categorizations and interpretations, be- 
sides correcting earlier misperceptions, 
tend to be concerned with such factors as 
the perceptual context, elaborated mean- 
ings and implications, etc. Here the 
earlier categorizations are combined, 
elaborated, and given added connota- 
tions from past experience through the 
action of the organism’s belief system. 
We assume, of course, that the same 
process is duplicated in all the sense 
modalities. That such elaborations may 
be enormously complex can be attested 
to by the difficulty encountered when 
one attempts to specify the exact se- 
quence of events of an aesthetic experi- 
ence involved, say, in the reading of a 
poem or the contemplation of a painting. 

As hinted at above, often it is the 
categorization of the context in which the 
object or event is imbedded that may 
greatly influence the FCR of that ob- 
ject. For example, suppose we place a 
straight stick in water such that half of 
it is submerged beneath the surface. 
Now, if we look at the stick from a cer- 
tain angle, we may very well categorize 
it as being “bent” if we have not yet 
observed the stick to be half submerged 
in water, or if we are not aware of the 
effect that media of differing refractive 
indices have upon the path of light. 
Once, then, we are aware of the context, 
and have appropriate beliefs about the 


influence of the context upon the object, 
we may categorize the stick as being 
“straight” even though we might con- 
tinue to say that it “looks bent.” 

We must, therefore, at times distin- 
guish between the way a particular ob- 
ject or event is sensed and what the 
object or event is believed to be. In 
terms of the present model, the earlier 
sensing of the object would correspond 
to the interpretations of the earlier of 
the PCRs, while the final believing of 
what the object or event is would cor- 
respond to the FCR. The stick in water 
may be sensed as looking bent, but it 
will be believed to be a straight stick 
half immersed in water. 

Both sensing and believing involve 
the action of beliefs, expectancies, and 
the selection of a categorizing response, 
so that these two processes are really 
not different in kind, but are simply @ 
matter of relative position in a series 
of interpretations, 

We may, of course, cite other per- 
ceptual illustrations of the bent-stick 
type in which the PCRs are not always 
in agreement with the FCR. These il- 
lustrations are often used to make the 
point that experience may have very 
little effect upon what is perceived (9)- 
Our disagreements with such an inter- 
pretation will be elaborated upon in the 
next section; nevertheless, these illus- 
trations are helpful in demonstrating 
certain important details of the pro- 
posed model. For example, looked at 
from the top of the Empire State Build- 
ing, Cars on the street below may be 
Said to “look like” (be sensed as) toy 
autos, but they will þe “believed to be” 
normal-sized cars observed from a great 


height. Or, standing on the ties of 2 


railroad right of way, th ils may 
“look like” Ta a 


(be sensed as if ) they con- 
verge at the horizon, but are “believed 


to be” parallel. In these rather special 
cases, stimulus configurations which we 
have previously learned to categorize in 


LANGUAGE FOR PERCEPTUAL ANALYSIS 21 


one particular way may not correspond 
with the actual situation in the present 
instance. Indeed, an important part of 
one’s “maturing perceptually” is the 
learning of those contexts where it is 
the better part of wisdom to disregard 
or make exceptions to previously valid 
Perceptual beliefs and meta-beliefs. On 
the other hand, most perceptual situa- 
tions are such that the perceptual be- 
liefs we hold do have generalizability, 
insofar as they have a validity which is 
trans-situational, and in which the PCRs 
do correlate highly with the FCR. In 
this sense, then, the examples cited 
above are, despite their popularity in 
Psychological theorizing, not representa- 
tive of usual perceptual situations (1). 


THE SEMANTIC PROBLEM 
OF PERCEPTION 


The analysis of the last section has 
Some immediate applications with re- 
Spect to the controversy between those 
who contend that experience has little 
or no influence upon what is perceived 
(the nativists) and those who contend 
that experience is a major determiner 
m what is perceived (the empiricists). 
F is controversy can now be revealed 
le r what it primarily is—a pseudo-prob- 
tH tis a pseudo-problem in the sense 
fe it is not empirical; that is to say, 

e problem has been created by the use 
of certain terms in various different and 
ambiguous ways. Both empiricism and 
avian reflect some aspects of the 
Ea) and their differences have hinged 
ae Wo different interpretations of the 
ix e set of terms. These different in- 
Gace have led to the examina- 
this o. i highly selected data. Within 
dad t ection, confirmation has been 
tive th; or some aspects of the respec- 
akon eories. The arguments have thus 
sah in a certain circularity, and the 

` as been an increasing termino- 
Bical confusion. 

€ have already stated the essentials 


SA 
v 


and signs prese! 


of perception for our system, and the 
vitally important fact that arises is 
that the processes which have been vari- 
ously and vaguely labeled sensing, seeing 
(or hearing, touching, etc.), perceiving, 
believing, and so on, refer to the com- 
plex stages of the operation which starts 
(say) with the impinging of a visual 
stimulus on the retina, and might con- 
ventionally be said to be completed by 
some action leading to confirmation or 
falsification on the part of the organ- 
ism. In our terms, it begins with S*s 
and MMSs, and ends with either an 
overt or covert response. The confusion 
has arisen in the past over just how 
these processes should be described in 
detail. Indeed, this is our problem: to 
construct a suitable terminology, or 
linguistic framework, for the proper dis- 
cussion of these perceptual problems. 
This is obviously not the whole answer 
to the problem of perception, but it will 
help to avoid confusion over the descrip- 
tion of perception and this is virtually 
the whole answer to most nativist-em- 
piricist disputes. 

Now we should further consider some 
examples that were discussed in the last 
section. Let us consider again a stick 
half immersed in water. If the observer 
is asked how the stick is perceived, he 
may be at a loss as to how to answer 
correctly. This is, of course, because 
the word “perceive” is vague, and may 
be taken to mean any subset of the set 
of PCRs, even including the FCR. 
Thus if he says he perceives the object 
as a bent stick, it implies that the cues 
have been adequately categorized, but 
not all the clues, and the word “per- 
ceive” is taken to apply to some subset 
of PCRs that have not sufficiently ful- 
filled their full clue function, in that 
they fail to tell the observer that, since 
the stick is immersed in water, in real- 
ity the stick is probably straight.1° By 


10 Jt should be noticed that the clues, cues, 
nt have not fulfilled their full 


lg? >, 
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“in reality,” we mean in the ordinary 
sense of being seen under some standard 
conditions and with respect to (say) 
tactual clues. If, then, the observer 
took a slightly broader interpretation of 
“perceive,” he might have included such 
a clue about the immersion in water, 
and then have said that he perceived a 
straight stick partially immersed in wa- 
ter. Of course the answer to the orig- 
inal question is a terminological matter, 
and depends on the manner in which the 
word “perceive” is interpreted. Exactly 
the same difficulties apply to the other 
cognitive words such as “sensing,” “see- 
ing,” and “believing.” 

It is difficult to avoid the conclusion 
that nativists and empiricists have dis- 
agreed mainly over how the word “per- 
ception” should be used, and have ac- 
cordingly carried out experiments which 
support their own particular usage. 
Thus, for example, Gestaltists have 
tended to choose abstract stimulus com- 
plexes which are almost wholly devoid 
of experiential factors. They have thus 
limited the number of clues to the 
minimum, while the empiricists have 
generally done the opposite. 

Let us now consider some further ex- 
amples—first, the distorted rooms of the 
Ames demonstrations (5). If, under 
the specified conditions, an observer 
looks at a distorted room and reports it 
as being normal, he may be making this 
statement with respect to the full range 
of PCRs (right up to and including the 
FCR); i.e., he really believes it is nor- 
mal. He has, in the words of C. S. 
Peirce, “no reason to doubt” that it is 
normal. It may be argued that this 
is because he lacks the cues and clues 


function relative to some categorizing deci- 
sion if the FCR is incorrectly made. That is, 
cues, clues, and signs have “intension” (sense) 
and “extension” (denotation), and all that 
is implied may not be extracted by the ob- 
server, although complete extraction may not 
be necessary to a correct decision. 


that tell him of the distortion. This, 
then, is not an analogous case to the 
stick immersed in water, where his be- 
liefs may more obviously be different 
from his sensings, i.e., the clues are ob- 
servable in the stick-in-water problem, 
but ot in the case of the distorted 
rooms. But then it is quite apparent 
to any rational observer that a specially 
distorted room (distorted, that is, with 
an eye to deceive) could look normal, 
if viewed from a particular angle; so 
the reason why his interpretation (or 
belief) is that the room is normal is that 
normal-appearing rooms, in experience, 
are normal. Thus he believes this both 
as a result of his sensings and as a re- 
sult of the rest of his relevant experience. 

Now we are faced with a more diffi- 
cult question. Does the observer ac- 
tually see events differently, as a result 
of the experience, or does he merely be- 
lieve these events to be different? Once 
again we are in terminological difficulties 
over how broadly or how narrowly to 
interpret words such as “see” in terms 
of PCRs. In natural language the word 
1S vague, and there is no reason to sup- 
Pose that any observer can wholly di- 
vorce what he sees from what he be- 
lieves. Indeed, such evidence as we 
have (for example, from trained artists) 
strongly suggests that this is a relation- 
ship which can be greatly changed with 
careful training. 

Thus we seem to be forced to the 
conclusion that there is no sensible test 
that can be applied to the situation 
where the experimenter says, “Report 
only what you see.” This is the case 
both because of the vagueness over 
words like “see,” and because of the 
nonverbal difficulties observers have in 
Separating one subset of the PCRs from 
the total set. The most obvious answer 
to this psychological dilemma is to con- 
centrate on an investigation of the sen- 
sory systems from a strictly physiolog- 
ical point of view. This indeed is the 
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culminating point of this analysis. It 
points up the near impossibility of pro- 
gressing further in perceptual experi- 
ments without recourse to physiological 
hypotheses, and it also points out the 
serious difficulties attendant upon the 
verbal instructions in any perceptual 
experiment. 

There are other examples, which have 
already been discussed in Section II, 
that have been quoted by writers of na- 
tivist inclinations to show the lack of 
need for experiential factors in percep- 
tion. Let us consider the cases of “par- 
allel railroad tracks” and “cars viewed 
from the top of the Empire State Build- 
ing.” These examples bring out the 
difficulties well. In each case a process 
of sensing (primitive recognition) takes 
place, and two converging lines and some 
tiny cars may be said to be seen. With 
respect to the parallel lines there is a 
clear distinction—as with the stick in 
Water—between what is seen and what 
is believed. Nobody would expect (in 
the ordinary sense of the word) to see 
railway tracks as parallel from the back 
of a train, if by the phrase “see railway 
+ as parallel” we mean “see two 
= Fi that appear to stay equidistant from 
On other throughout their length.” 
oe of the meanings (i.e. one of the 
ong beliefs that exist about them) 

Parallel lines is that they should ap- 
Pear to converge from certain view- 
pointa. Similarly with cars; one expects 

em to look tiny from the top of the 

Mipire State Building. And incidently, 
ais Philosopher’s popular example is 
she analogous: you expect a circular 
fein to look roughly elliptical from cer- 
angles, 
probi. are certainly aware that these 
ae cause linguistic and logical dif- 
of iden, for the philosophical theories 
Offer ann but what problem do they 
ie me psychology? There is no prob- 
such ‘0 one claims that we should see 
railroad tracks as parallel, i.e., as 


appearing equidistant, as part of them 
would from perpendicularly above.** 
Nor indeed has anyone argued (to the 
best of our knowledge) that experience 
would make you see (in this sense) such 
things. The whole argument is over the 
word “see.” You may see (in one lit- 
eral usage of the word obviously near 
the sensing end of the continuum) the 
lines as converging, and yet you may 
also sce (in another sense near the be- 
lieving end of the continuum) the tracks 
as parallel. It is absolutely clear here 
that the word “see” is being taken in 
two different senses. In this verbal 
confusion both nativists and empiricists 
must accept some guilt. 

The processes we are concerned with 
are the seried processes (the set of in- 
terpretations Jı, Z2, . . . Zn, referred to 
above), which we may say start with 
sensing and run through to believing 
(the successive PCRs). It is certainly 
clear that, in all the examples quoted, 
the beliefs depend, as it were, on the 
presence of, and the making of the cor- 
rect inductions with respect to sufficient 
cues and clues to interpret the object 
and the context of the object viewed. 
It cannot, however, be said, even in ap- 
parently purely visual problems, that 
such beliefs necessarily depend on either 
visual or nonvisual clues exclusively. 
Nor is it always possible to separate out 
the sensing from the believing. For ex- 
ample, under artificial circumstances, 
such as in the use of some abstract de- 
signs used in the laboratory, or by the 
use of some reduction-screens in the 
case of the constancies, our clues are 
seriously curtailed, and we are forced 
to believe what we literally sense. Un- 
der natural circumstances where we view 

11 The reader should be very careful with 
the word “see” as we have used it here. We 
mean that the retinal image should not be 
projected onto the visual cortex as lines equi- 


distant from each other at all points. Such a 
state is not possible if the lines are anywhere 


parallel in fact. 
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cars from the top of the Empire State 
Building, railroad tracks from the back 
of trains, sticks partially immersed in 
water, and so on, we have clues in 
abundance which allow us to interpret 
in a manner which is obviously a func- 
tion of experience. The point here is, 
of course, that by “interpretation” we 
finally mean “with respect to a belief” 
and beliefs are built up in experience; 
thus in our model, the function of ex- 
perience, with respect to clues, is axio- 
matic. However, this should not be 
taken to obscure the fact that experien- 
tial modifications may also be built into 
the sensory processes themselves, nor 
that certain perceptual beliefs may be 
innate. 
The best that can be suggested at the 
moment is that such terms as “sens- 
ing,” “seeing,” “perceiving,” and “be- 
lieving” be used with constant aware- 
ness of their great vagueness. We shall 
use the terms PCR and FCR as part of 
what we define as the PBU, and shall 
generally try to avoid the use of the 
above terms except with special care, 
This implies a careful statement as to 
the range of meaning that such terms 
carry with respect to any particular con- 
text. For purposes of constructing sci- 
entific models, we still lack “natural” 
(physiologically given) criteria for the 
partition of the subsets of the total proc- 
ess. This is a specific and important 
problem that requires solution. In the 
absence of any differentiating criteria, 
we can only point to a particular con- 
ventional usage that we intend at any 
given time. Thus the process beginning 
with stimulation, continuing through the 
transformation of beliefs into expectan- 
cies, and ending with categorization, is 
all taken by us to be part of the process 
that we shall call perception. We shall 
thus suppose that, in our sense of the 
term “perception,” it is indeed by very 
definition dependent on experience, as 
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well as on the limitations and vagaries 
of the structure of the sensory process.*? 

There is one important point that 
should be made clear with respect to the 
nativist-empiricist controversy. In dis- 
tinguishing “seeing” from “sensing,” to 
take one example, we recognize that we 
can define these words as meaning any- 
thing we please, but in trying to ex- 
plicate them we have assumed a differ- 
ence which sometimes appears to exist 
in ordinary usage and then suggested 
how such a difference could be given a 
sensible explication. The nativists and 
empiricists in their quarrel may ascribe 
any meanings they choose to their cog- 
nitive terms, but they must formulate 
their disagreements over empirical facts 
in the same linguistic framework. This 
we claim they have not done, nor even 
recognized that they have not done so. 
Thus if they could have agreed on, 
or even recognized, external questions 
(about their framework), they would 
have found there were no internal ques- 


tions (2) of the kind that have appeared 
in their discussions. 


REFERENCES 


1. Brunswix, E. Systematic and representa- 
tive design of psychological experi- 
ments. Berkeley: Univer. of California 
Press, 1947. 

2. CARNAP, R. Empiricism, semantics and 
ontology. In Linsky, L, (Ed.), Seman- 
tics and the philosophy of language- 
Urbana: Univer. of Ilinois Press, 1952. 

3. GEORGE, F. H., & Hannron, J. H. Toward 
a general theory of behavior. Meth- 
odos, 1955, 7, 25-44, 

4, Hess, D. O. The organization of be- 
havior. New York: Wiley, 1949. 


—— 


12 This section has so far contained no ref- 
erence to the word “sign? The discussion has 
been concerned with learning by acquaintance, 
and it will „be appreciated that signs them- 
selves are directly experienced, Indeed, clues 
and cues may themselves be signs; and also, 
signs which are neither cues nor clues occur in 
Perceptions. This notwithstanding, it is in 
learning by description that signs (as the term 
is used by us) most frequently occur. 


LANGUAGE FOR PERCEPTUAL ANALYSIS 25 


5. Kirpatricx, F. P. (Ed.) Human be- 
havior from the transactional point of 
view. Hanover, N. H.: Institute for 
Associated Research, 1953. 

6. Korrxa, K. Principles of Gestalt psychol- 
ogy. New York: Harcourt, Brace, 
1935. 

7. Morris, C. W. Signs, language, and be- 
havior. New York: Prentice-Hall, 1946. 

8. Perce, C. S. Collected papers of... 
C. Hartshorne and P. Weiss (Eds.). 


Cambridge: Harvard Univer. Press, 
1931-1935. 

9. Pratt, C. C. The role of past experience 
in visual perception. J. Psychol., 1950, 
30, 85-107. 

10. Von SENDEN, M. Raum- und Gestaliauf- 
fassung bei operierten Blindgeborenen 
vor und nach der Operation. Leipzig: 


Barth, 1932. 
(Received November 22, 1955) 


Psychological Review 
Vol. 64, No. 1, 1957 


AN APPROACH TO PHYSIOLOGICAL REACTIVITY IN 
TERMS OF A BODY-IMAGE SCHEMA? 


SEYMOUR FISHER, AND SIDNEY E. CLEVELAND 


VA Hospital, Houston, Texas 


PROBLEMS IN CATEGORIZING PHYSIO- 
LOGICAL MEASURES 


It is now possible to measure with 
considerable precision a large number 
of physiological reactions in the body. 
One may obtain an almost endless vari- 
ety of indices of physiological reaction, 
such as blood pressure, heart rate, finger 
temperature, saliva output, GSR, and 
respiration rate. A problem that has 
confronted those (1, 4, 22, 28) who are 
interested in such indices is to find a 
schema which will permit a meaningful 
grouping or clustering of the indices, 
That is to say, if one obtains ten differ- 
ent measures of physiological reaction 
from each of a group of subjects, can 
one functionally equate certain of the 
measures and not simply treat them as 
if they were ten disparate variables? 
There has been a tendency in the past 
to lump together the separate measures 
and to regard them grossly as an over- 
all index of emotionality (3, 4). This 
was based on the implicit assumption 
that emotional response is a diffuse, un- 
patterned process, just a general stirring 
up of many physiological systems. This 
point of view was concerned mainly with 
what happens to the organism after it 
has been disturbed and its usual equilib- 
rium upset. It has had relatively little 
to say about the pattern of physiological 
measures obtained from the undisturbed 
organism. It also has had little to say 
about the relationship of physiological 


1We wish to acknowledge special gratitude 
to Dr. Hebbel E. Hoff, Chairman, Department 
of Physiology, Baylor Medical College, for 
valuable criticisms and suggestions concerning 
a number of aspects of this paper. 
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measures to such psychological con- 
structs as “personality” and “traits.” 
A more differentiated frame of refer- 
ence which has been much used in an- 
alyzing physiological reactions Has re- 
volved about the difference between 
sympathetic and parasympathetic re- 
sponse. There are obvious anatomical 
and chemical reactivity differences 
within the autonomic system that lend 
themselves to the sympathetic-parasym- 
pathetic distinction. In an overly sim- 
plified fashion one may conceptualize 
the sympathetic subsystem as function- 
ing mainly with reference to threats to 
the individual, whereas the parasym- 
pathetic subsystem appears to function 
mainly to conserve and maintain sup- 
plies for the individual’s needs and 
development. After Gaskell (cited in 
Little [25]) published his views regard- 
ing antagonistic innervation (sympa- 
thetic VS. parasympathetic) of most 
internal organs, there developed an in- 
creasing interest in the use of the con- 
cept to explain a wide variety of phe- 
nomena. Attempts were made to clas- 
sify various illnesses as being primarily 
due to sympathetic or parasympathetic 
dominance. That is to say, it was as- 
sumed that an ideal balance between the 
two should exist, and that if one became 
dominant over the other, this imbalance 
would lead to organ changes which 
would be pathological (12). Attempts 
were also made to apply this imbalance 
concept to persons without clinical 
symptoms: it was assumed that one or 
the other subsystem might be some- 
what dominant in normal individuals, 
and cause them to develop certain per- 
sonality tendencies (36). In addition, 
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there were efforts to take all known 
measures of physiological response and 
classify them as being indices primarily 
of sympathetic or of parasympathetic 
activity. Generally, there was little ob- 
Jective basis for most of the assumptions 
that were made regarding the relation- 
ship of the autonomic subsystems to 
either symptom patterns or normal per- 
sonality characteristics. There was even 
Some vagueness about what kinds of 
Physiological measures were specifically 
Tepresentative of one autonomic sub- 
System as contrasted to the other. 
a recently, Wenger (40) and 
ners (22, 25) have approached the 
Problem of autonomic functioning with 
E quantitative and controlled meth- 
in ae nan those previously used. Wenger 
the cates, on the basis of his analysis of 
lo n a among many physio- 
x i variables in children and in 
es n that an autonomic factor score 
; e extracted which expresses the de- 
= of imbalance between sympathetic 
Hs ees functioning. _He 
tion ound some evidence that the direc- 
E degree of imbalance may be 
distu Teo with degree of personality 
ie rbance and also with a number of 
e mal personality variables. But the 
a of relationship is low and vark 
not f It is also noteworthy that he did 
nee it possible to differentiate pa- 
bey eo stomach ulcers from normals, 
score € basis of autonomic imbalance 
rein This is an important point, 
in th Se there have been many attempts 
other past (16, 35) to describe this and 
of s Psychosomatic syndromes ii terns 
nee Pathetic-parasympathetic imbal- 
ulcer Wenger’s inability to distinguish 
anton ients from normals in terms O 
tinea tae imbalance has been con- 
intere by Little (25). One of the most 
ia hing aspects of Wenger’s work is 
ion, 1° bas shown not only the limita- 
of the sympathetic-parasyMP& 


thet; 
tic concept, but has also discovere 


other factors which are important in 
accounting for the variance found in 
any array of physiological measures. In 
his factor analysis of a wide range of 
physiological indices obtained from nor- 
mals under stress and nonstress condi- 
tions, Wenger isolated not only an auto- 
nomic factor but also other moderately 
well-defined factors. His results indi- 
cate that the problem of categorizing 
physiological reactivity is a very compli- 
cated one. Darrow (9, 10) and Cattell 
(4) have also found that arrays of phys- 
iological measures cannot meaningfully 
be accounted for in terms of one or two 
simple dimensions. 

Malmo and Shagass (27, 28), Lacey 
(22, 23), Lewinsohn (24), and Wolff 
(43) have further complicated the prob- 
lem of categorizing measures of physio- 
logical reactivity by their demonstration 
that subjects may display fairly consist- 
ent patterns of physiological reactivity 
which are unique to the individual. 
Their work has indicated that one indi- 
vidual may respond to a stress with 
maximal activation of a given physio- 
logical function, moderate activation of 
another function, and underactivation of 
still another function. A second indi- 
vidual, however, may show a hierarchy 
of activation which is quite the reverse 
in character. These patterns of response 
cannot be explained suitably in terms 
of gross concepts like “sympathetic” or 
“parasympathetic.” Those who have 
noted these patterns have tried to asso- 
ciate them with personality constructs. 
It has been especially theorized that 
some of these patterns are correlated 
with the same constellations of forces 
that result in an individual’s developing 
a psychosomatic symptom in on? organ 
system rather than in another (27, 28); 
it has been hypothesized that just as 
certain kinds of psychosomatic symp- 

ay be one of the products of a 
ton may f personality defense, just 
given style ot P! 5 f physi 
so may an jndividual’s pattern ot payst- 
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ogical reactivity be significantly af- 
n by his style of life. In both in- 
stances it is assumed that life experi- 
ences have fixated certain modes of body 
response, and the psychosomatic symp- 
tom is simply a more extreme example 
of such fixation. Several investigators 
(23, 25, 43) have indeed demonstrated 
experimentally that there is a signifi- 
cant tendency for individuals to mani- 
fest their maximum physiological reac- 
tivity to a variety of stimuli in those 
body systems that also are the focus of 
psychosomatic symptomatology. This 
whole line of thought has brought to the 
fore the importance of a psychological 
frame of reference in viewing physio- 
logical phenomena. 


Bopy-Imacr CONCEPTS 


The problem arises, then, as to what 
kinds of psychological schemas we can 
develop which will aid in understanding 
an array of physiological measures. 

The schema to be suggested in this 
paper has grown out of a series of 
studies of body image that we have 
completed (6, 7, 13, 14). We have 
shown that individuals differ consider- 
ably in the attitudes they take toward 
their own bodies. More specifically, we 
have found that individuals vary in the 
degree to which they conceive of their 
body exteriors as having an armoring 
protective function. Some visualize their 
body boundaries as thick, impermeable 
defensive barriers. Others visualize their 
boundaries as thin and easily penetrated. 
These body-image fantasies were meas- 
ured by means of two Rorschach indices 
which have been shown to be reliably 
scorable and also valid in terms of a 
whole series of criteria (13, 14). One 
of these indices, the “Barrier” score, is 
the sum of all responses in which there 
is an emphasis on the thickness, strength, 
or unusual covering quality of the pe- 
riphery. It is illustrated by such per- 
cepts as “cave with rocky walls,” 
“mummy wrapped up,” and “man in 
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armor.” The second index, referred to 
as the “Penetration of Boundary” score, 
is the sum of all responses in which 
there is an emphasis upon the periphery 
as penetrated, broken, or fragile. The 
following are examples of such re- 
sponses: “bullet penetrating flesh,” 
“butterfly with tattered wings,” “plucked 
chicken.” In order to eliminate the ef- 
fect of response total upon the two 
body-image scores, it is requested of 
subjects that they give a fixed number 
of responses to each blot. Details of 
this technique are available elsewhere 
(13). 

Our work has demonstrated that a 
number of personality variables are 
significantly linked with the degree to 
which the individual emphasizes the 
barrier or armored quality of his body 
boundaries. Thus, our data (14) indi- 
cate that persons who visualize their 
boundaries as thick and armored mani- 
fest a higher level of aspiration, more 
drive toward self-expression, and more 
motivation for competitive advancement 
of the self than do persons with indefi- 
nite body-image boundaries. At still 
another level, we have shown that pa- 
tients hospitalized with psychosomatic 
symptoms involving the body exterior 
emphasize the barrier quality of their 
body boundaries more often than do 
patients with psychomatic symptoms in- 
volving the body interior. For example, 
it was shown that patients with symp- 
toms like neurodermatitis, which in- 
volves the skin, and rheumatoid arth- 
ritis, which involves the joints and stri- 
ate muscle sheath of the body, greatly 
emphasize the barrier aspects of their 
body-image boundaries, However, pa- 
tients with interior symptoms, like 
stomach ulcers or ulcerative colitis, are 
distinguished by the permeability that 
they attribute to their body boundaries. 
By means of suitable control groups, it 
was shown that such differences in body 
image were not merely the result of 
experiencing symptoms in contrasting 
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areas of the body. Thus, a group of 
individuals with skin defects due to 
industrial accidents was compared with 
the neurodermatitis group; and a group 
of Patients with low back pain due to 
me ental injuries was compared with 
as arthritics. If the mere experiencing 
i ag in the exterior layers of 
ane ody determined the individual's 
the ioe fantasies, one would expect 
ech dec? groups with symptoms due to 
a ap to have as high Barrier scores 
tualt e two psychosomatic groups. Ac- 
péveie it was found that each of the 
a ata groups significantly ex- 
a its respective control group in 
Si er responses. 

ass "7 Lacey (23), Malmo and Shag- 
oie 2: and others (43) have sug- 
Operati at the same factors may be 
5 onen in the development of a psy- 
System atic symptom in a given organ 
tation as are involved in the manifes- 
logical of a given hierarchy of physio- 
sented reactivity, the possibility pre- 
interio itself of applying the body- 
existing = body-exterior schema to the 
for td literature concerning physiologi- 
R a la That is to say, since this 
ingful Mage schema had proven mean- 
cee to a variety of psycho- 

logical Se pein phenomena, it seeme 
tive to o examine its potentialities rela- 
tivity propicis of physiological reac- 
stand + he schema is not intended to 
Classify opposition to other modes of 
Offered ee Physiological response, but is 
tional Pi consideration as an addi- 
Such p mension from which to view 
Physiolo gs In its application to 
Sumes ¢ ve reactivity the schema psi 
cal Teso although a given physiologi- 
Centers Oe may be triggered by certain 
e.g., the hypothalamus), various 


Sect 
tiall *s of the body may react differen- 


Atti 
terion also possible to conceive of differential 
Seleg eet interior reactivity as 2 function 0. 
Could he < cDtral processes. That is to say, it 
assumed that there are individual dif- 


Y to the excitation? Specifically, - 
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it is being assumed that the individual’s 
life experiences may be one factor which 
results in his résponding to excitation 
differentially so far as his body exterior 
and body interior are concerned. Body 
exterior is here defined as including the 
skin and striate musculature. Body in- 
terior is considered to include all of the 
internal viscera. This definition of body 
interior vs. body exterior is intended to 
have purely location or geographic im- 
plications, and is not at all concerned 
with the embryonic origins of various 
body areas. 

The idea that differences in physio- 
logical reactivity may be linked not with 
conventionally defined organ systems or 
nervous system divisions, but rather 
with local characteristics of different 
body areas has derived support from an 
elaborate study carried out by Davis, 
Buchwald, and Frankmann (11). They 
investigated a whole gamut of physio- 
logical reactions in subjects under -a 
variety of stimulus conditions, and at- 
tempted to define the patterns that 
stood out. The patterns of physiologi- 
cal response they found did not corre- 
spond to any of the usual modes of 
categorization in the literature. Indeed, 
they coined new terms to designate the 
observed patterns. In describing the 
concept they have evolved of what con- 
stitutes & pattern or system of physio- 
logical response to a stimulus they say: 


Dot 3 evident 
does not correspo. 
the body nor ye 
divisions of the ne 
ctivated by a prior element 
t for the ultimate one, 
activate ing element. Local 
istics ® 

aar t acter of the action, i 

t of force to another, . . . One is 
are the spreading to the prop- 
a homogeneous medium— 


= the patterning of central response 
h result in differential stimulation of vari- 
ous body areas. 


8 Italics are ours. 
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a better picture would be that of a branching 
network, which the nervous system actually is, 
with the possibility of transmission at any 
point being able to vary somewhat independ- 
ently of that at any other. 


The body-image schema proposes that 
the local variations in “transmission” 
may be meaningfully considered in 
terms of a body-interior vs. body- 
exterior differentiation. 

If the body-image frame of reference 
is physiologically meaningful, it should 
permit one to formulate certain ideas 
and concepts concerning physiological 
reactivity which will have some support 
from past observations and formulations. 


DEDUCTIONS FROM Bopy-Imacr 
SCHEMA 


Three kinds of deductions concerning 
patterns of physiological reactivity may 
be made in terms of the body-image 
schema: 

1. It would be assumed that past ob- 
servations would have uncovered reac- 
tion patterns which are linked with body 
exterior in distinction to body interior. 
Further, one would anticipate that those 
who had intensively studied various 
sorts of body reactivity phenomena 
would have found the body-exterior vs. 
body-interior differentiation to be a 
meaningful theoretical framework. 

2. When varied physiological meas- 
ures are obtained from individuals who 
have psychosomatic symptoms involving 
the body interior, these measures should 
indicate high reactivity of body-interior 
sectors. One would also expect such in- 
dividuals to show low reactivity of body- 
exterior areas. Conversely, those with 
body-exterior symptoms should manifest 
high reactivity of the body exterior. 
They would probably show, in addition, 
low reactivity of the body interior. 
This second prediction is derived from 
the idea that those who have exterior 
body symptoms are indicating the un- 
usual importance of the barrier quality 
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of their body exterior, and thus their 
relatively greater tendency to maximize 
reactions in this sector of the body 
rather than in the body interior. But 
those with interior symptoms are as- 
sumed to assign less importance to the 
body exterior and more importance to 
the body interior. 

3. Those who manifest unusually high 
physiological reactivity in the exterior 
body layers should have a more active 
and aspiring attitude toward life than 
those who do not show high reactivity 
in the body exterior. This prediction is 
based on the finding (14) that in a nor- 
mal group those who emphasize the im- 
portance of their body exterior express 
a relatively high level of aspiration (as 
defined by TAT measures). 

In connection with the first hypothe- 
sis, we have searched the literature 
widely for conceptual models developed 
by others to explain their observations 
of physiological reaction patterns which 
would correspond to the schema we have 
postulated. There are several such 
models worth noting, 

Burton and Edholm (2) in their re- 
cent book Man in a Cold Environment 
report a diversity of data concerning the 
manner in which the body adjusts to 
sharp temperature changes, and how it 
maintains long-term temperature ho- 
meostasis. In the process of schematiz- 
ing the various observed temperature- 
regulating mechanisms they arrived at a 
formulation analogous to the exterior- 
interior concept: 


The temperature 
brain, the heart and 
the liver is not exa 
are close enough to 
to justify the sim 
deep “core” of th 


Indeed, the 


} is accomplished, 
in great measure, by the adjustment of the 


ae P- 
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That is, Burton and Edholm have per- 
ceived, in the very complicated physio- 
logical processes involved in the body's 
adjustment to the changing tempera- 
tures of the surrounding environment, 
a specialization in function that corre- 
lates with body exterior vs. body in- 
terior. 

Kleitman (20) has described a model, 
having to do with levels of conscious- 
ness, which is pertinent to the exterior- 
interior distinction. He has developed 
an “evolutionary theory of conscious- 
ness” which is based on a differentiation 
between the effects on consciousness of 
Stimuli originating in the viscera and 
stimuli coming from more exterior 
Sources, especially the proprioceptive 
end organs. He points out that in the 
Newborn infant wakefulness (conscious- 
ness) occurs briefly every four or five 

Ours, and is related to afferent impulses 
from the viscera. Similarly, he says of 
decorticate dogs that they “almost in- 
variably moved about for a few minutes 
after being fed, apparently because of 
afferent impulses from the colon result- 
ing from the gastrocolic reflex. They 
Would then defecate and immediately 
80 to sleep” (20, p. 81). This kind of 
Consciousness is described as “wakeful- 
Ness of necessity.” It is a function pri- 
hie of afferent impulses from the in- 
ernal viscera. Kleitman indicates that 
ne the myelinization of the afferent 
iy in the child, the reactivity of the 

€x to sensory stimuli increases. 
Pa ag more capable of reacting to 
in li from without, particularly to 
pulses originating in the propriocep- 
the end organs. The development of 
Sine ee system becomes 4 salient 
Which „of proprioceptive excitation 
ory 1, in combination with other sen- 
cong mpulses, leads to a higher level of 
ig Ciousness, Kleitman designates this 

Tes level of consciousness as “wake- 
wha, S, Of Choice.” For our purposes 

is most interesting about. this 
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sharper form of consciousness is that it 
is strongly linked with the increasing po- 
tency of impulses originating in an im- 
portant part of the outer body layers 
(viz., the muscular-proprioceptive sys- 
tem). In summary of Kleitman’s views, 
one may say that he associates a first, 
lower level of consciousness with the in- 
dividual’s inability to react to little more 
than the impulses originating in the vis- 
cera of the body interior. He regards 
later and higher forms of consciousness 
as a function of increasing reactivity to 
sensory stimuli from without, particu- 
larly those involved in proprioception. 
Lorr, Rubenstein, and Jenkins (26) 
factor-analyzed ratings made by psycho- 
therapists of 184 patients whom they 
were treating. These ratings concerned 
a wide range of behavior, including body 
complaints. The ratings of the body 
complaints clustered into three different 
factors. One factor was labeled a “‘fac- 
tor of endodermal dysfunction,” and in- 
volves complaints relating mainly to 
the upper and lower portions of the 
endodermal tube (e-8., gastrointestinal 
symptoms). A second factor involves 
complaints of “mesodermal origin.” It 
includes mainly symptoms which are 
“anergic, respiratory, and cardiovascu- 
lar.” The third factor is of a “cerebro- 
d particularly includes 
skin complaints. This pattern of clus- 
ters that emerged is obviously one 
which conceptualizes body complaints 
and body symptoms as occurring in 
layer-like fashion, with inner layers 
roughly distinguished from outer layers. 
Tt too shows certam analogies to the 
body-interior vs. body-exterior model. 
Some of the more recent advances in 
dge of the secretions pro- 
e adrenal medulla also lend 
the interior-exterior concept 
port 2 Gellhorn (17) indi- 
that it is now well established 
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Funkenstein (15) reviews data indicat- 
ing support for the idea that there are 
specifically differentiated adrenalin-se- 
creting and nor-adrenalin-secreting cells 
in the adrenal medulla. He refers also 
to a specific innervation of these cells, 
and to a differentiated hypothalamic rep- 
resentation for the corresponding secre- 
tory nerves. Adrenalin and nor-adren- 
alin produce rather different effects 
physiologically. Nor-adrenalin tends to 
result in moderate increase in systolic 
blood pressure, more marked increase in 
diastolic blood pressure, and a decrease 
in cardiac activity. However, adrenalin 
tends to produce only mild to moderate 
increase in diastolic pressure, but mod- 
erate to marked increase in cardiac ac- 
tivity. Adrenalin acts more forcefully 
in increasing cardiac output, whereas 
nor-adrenalin produces some of its most 
marked effects in terms of increased 
peripheral resistance. Apropos of this 
point, Goldenbert (as cited in [17]) 
found that intravenous nor-adrenalin led 
to increased blood pressure mainly as 
the result of increased peripheral resist- 
ance, whereas intravenous adrenalin 
stimulated a blood-pressure rise chiefly 
by means of an increased cardiac out- 
put. The accumulating data concern- 
ing adrenalin and nor-adrenalin suggest 
that their differential physiological ef- 
fects fall into a pattern congruent 
with a body-exterior vs. body-interior 
differentiation. 

More recently, Funkenstein, King, 
and Drolette (15) have demonstrated 
that a predominance of either the 
adrenalin or nor-adrenalin response in 
a stressful situation is correlated with 
certain patterns of behavioral response. 
They studied 69 students exposed to a 
stressful frustrating situation, and clas- 
sified their reactions into three primary 
categories. The first category, “anger- 
out,” was directed toward the experi- 
menter who was producing the frustra- 
tion. The second category, “anger-in,” 
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involved self-attack and self-criticism. 
The third category, “anxiety,” involved 
feelings of apprehension and fright. 
Significantly, it was demonstrated that 
the anger-out group tends to show nor- 
adrenalin patterns of reaction. The 
anger-in and anxiety groups showed 
adrenalin patterns of response. Stich 
data indicate that not only do adrenalin 
and nor-adrenalin produce physiological 
effects with a differential area of body 
response, but also that this differentia- 
tion is meaningfully linked with a dif- 
ference in overt emotional behavior that 
is psychologically meaningful. 

As noted later in this paper, the link- 
age of anger-out with the nor-adrenalin 
response, and the linkage of anger-in 
and anxiety with an adrenalin response, 
are just what one would anticipate from 
the body-image schema that has been 
Proposed. That is to say, we have 
shown in our previous work that indi- 
viduals who emphasize the body exte- 
rior, as contrasted to those who empha- 
size the body interior, have a higher 
level of aspiration and a more active, 
forceful approach to situations. It is 
therefore noteworthy that the subjects 
in the study carried out by Funkenstein 
and King who show a nor-adrenalin pat- 
tern of response (i.e., emphasis on pe- 
ripheral reaction) are those who deal 
with the frustration directly by express- 
ing their anger outwardly. However, 
the subjects manifesting the adrenalin 
pattern (where the response is relatively 
more interior) show less ability to deal 
with their feelings of frustration ac- 
tively, and tend to express them more 
in self-criticism and generalized anxiety. 

_Xubie (21) has been very explicit in 
differentiating between the organs of the 
body, which he calls “organs which im- 
plement our relationships to the exter- 
nal environment” and “organs of inter- 
nal economy.” Those in the first group 
are “innervated Predominantly by the 
somatomuscular and somatosensory ap- 
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paratus.” They represent that part of 
the individual which is most consciously 
directed. However, the second grouping 
of organs “lies deep within the interior 
of the body and consequently are hidden 
from the individual’s capacity for direct 
knowledge of himself. Furthermore, 
even though some of these organs have 
indirect connections with the outside 
world, our subjective awareness of them 
is absent or limited.” Kubie associates 
disorders usually referred to as “con- 
version hysterias” with the “external” 
organ system, and he associates “organ 
neuroses” with the “internal” organ 
system. 

Wenger (36), in the course of a fac- 
tor analysis of a variety of physiological 
measures obtained from adults, found a 
factor which he designates as “repre- 
senting certain functions of the skin and 
peripheral blood vessels.” Similarly, 
Sanford (32) studied a group of chil- 
dren and adolescents with a battery of 
physiological and personality measures. 
His analysis of the intercorrelations 
among the physiological measures Te- 
vealed “a syndrome—consisting of flush- 
ing, sweating, skin stroking intensity, 
odor, acne, and palpable thyroid.” 
That is, there was a clustering of vari- 
ables having mainly to do with skin 
appearance and skin responsivity. 

The second deduction that was made 
from the body-image schema involved 
the relationship of site of psychosomatic 
symptom to pattern of physiological 
reactivity. This deduction finds some 
confirmation in past work. It should 
be specified at this point that, in order 
to keep the distinction between body 
exterior and body interior as clear as 
Possible, measures of exterior body func- 
tioning will be restricted to GSR, muscle 
action potential, and direct methods for 
evaluating vasoconstriction and vasodi- 
lation of the peripheral blood vessels. 
Measures of interior body functioning 
will be restricted mainly to heart per- 


formance and measures of changes in 
the stomach and colon. 

Since intestinal disturbances and 
stomach ulcers are interior symptoms, 
one would predict, in terms of the ex- 
terior-interior body-image schema, that 
subjects with such symptoms would 
show heightened reactivity relative to 
body-interior measures. Karush, Hiatt, 
and Daniels (19) investigated a variety 
of physiological responses manifested by 
six ulcerative colitis patients during 
psychotherapeutic interviews. They 
obtained measures of colon reaction, 
salivary flow, and peripheral vascular 
changes. ‘There was Clear indication 
that specific stressful material elicited 
in the course of the therapy produced 
correlated colonic responses in the coli- 
tis patients. But the salivary responses 
and the vascular bed responses (exte- 
rior) did not show meaningful correla- 
tions with the stressful therapy material. 
These patients with an interior symptom 
showed their most specific physiological 
responses to stress in terms of an inte- 
rior reaction. 

Lewinsohn (24) obtained a series of 
physiological measures from patients 
with duodenal ulcers, patients with es- 
sential hypertension, psychiatric patients 
in whom muscular tension was the out- 
standing clinical symptom, and a con- 
trol group of patients with hernia, 
hemorrhoids, and similar difficulties. 
One of his clearest findings, which he 
could not explain, was that the absolute 
skin resistance of the ulcer group was 
significantly greater than that of the 
control group. This relative inactivity 
of the skin layer (sweat glands) in the 
ulcer patients corresponds to the mini- 
mizing of the body exterior which one 
would predict in terms of the body- 
image schema. It is perhaps confusing 
that high skin resistance is equated with 
inactivity of the skin layer. However, 
this formulation is based on the assump- 
tion that lowered resistance is a func- 
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tion of the degree of secreting activity 
of the sweat glands. Lowered skin re- 
sistance represents active response of 
anatomical “units” in the skin layer. 
Van der Valk and Groen (35) have also 
found that skin resistance of patients 
with peptic ulcer is high. 

Another of Lewinsohn’s (24) most 
clear-cut findings was that patients with 
muscle-tension symptoms show more fin- 
ger tremor under stress conditions than 
the control group, and are also charac- 
terized by a significantly lower heart 
rate than any of the other groups. 
These individuals whose clinical symp- 
tom is most obviously focused in the 
outer layers of the body (musculature) 
show a high level of reactivity in the 
musculature (exterior) and a low level 
of activity in terms of an interior meas- 
ure. Little (25), in a study of peptic 
ulcer patients, found that they were 
higher in dermographia persistence than 
a control group. That is to say, their 
peripheral vessels manifested less tone 
(and so may be assumed to have been 
less active) than did those of the control 
subjects. It should be acknowledged 
that, on the contrary, Wenger (40) 
found that a group of asthmatics (in- 
terior symptom) has significantly lower 
dermographia persistence (i.e., higher 
vessel tone) than normals. Little (25) 
also demonstrated that ulcer patients 
had a significantly shorter heart period 
than a control group. In other words, 
as would be Predicted, they showed a 
relatively higher rate of response with 
an interior organ. 

There is another interesting 
reported by Little which points up the 
potential explanatory value of the ex- 
terior—interior concept. Little evaluated 
the effects of vagotomy on the physio- 
logical reactivity of a group of ulcer 
patients, and compared the shifts occur- 
ring from the pre- to the postoperative 
period with those changes in physio- 
logical reactivity occurring in a control 
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group of other surgical patients from 
the pre- to postoperative period. _He 
compares the two groups in this fashion: 


Both the control and experimental groups 
showed a drop in arterial pressure after opera- 
tion, yet the mechanisms that produced this 
drop seem to be different in the two groups. 
In the controls, peripheral vasodilation as in- 
dicated by increased Finger Temperature and 
decreased Dermographia Latency was the most 
relevant factor since the heart rate remained 
approximately constant. In the experimental 
group, however, there was an increased pe- 
ripheral resistance, yet the blood pressure 
dropped in spite of it. In this group, the 
lowered heart rate is apparently the determin- 
ing element. . . . 


That is, following the cessation of the 
severe stress associated with the opera- 
tion, both groups expressed their re- 
adjustment to the diminshed stress by 
a drop in blood pressure. However, in 
the ulcer group the readjustment took 
place in terms of an interior organ, 
whereas in the control group the re- 
adjustment was more peripheral in char- 
acter. This trend in the ulcer group is 
nicely congruent with the interior em- 
phasis that has been postulated from the 
body-image schema. 

The third basic deduction derived 
from the body-image schema focused on 
the idea that those who show unusually 
high physiological reactivity in the 
outer body layers will tend to be rela- 
tively high in level of aspiration, force- 
fulness, and drive to attain goals. Sey- 
mour (34) reports findings which are 
definitely in this direction. He indi- 
cates that children who show high GSR 
responsiveness (exterior) are signifi- 
cantly more interested in achievement 
and are more forceful in their behavior 
than children who are low in GSR re- 
activity. He further describes a study 
which demonstrated that adolescent 
boys who were perceived by their class- 
mates as listless gave relatively low GSR 
responses to certain kinds of stimuli. ID 
another phase of his data he found that 
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adolescent girls who were more daring 
and active in games gave larger GSR 
responses than those who were less so. 
_ Cattell (4) describes a factor which 
is characterized by high responsivity in 
terms of one of our designated exterior 
measures (viz., GSR), and points out 
that this factor is psychologically as- 
sociated with alertness, activity, and ex- 
citement. Low responsivity in this fac- 
tor is correlated with sleepiness and pas- 
Sivity. Brown, as cited by Cattell (4), 
reports appreciable correlations of PGR 
with desire to excel. Cattell (4) de- 
scribes a factor, “Nervous Disposition,” 
which involves low PGR resistance and 
ae PGR deflection; at the behavioral 
evel it is linked with “alertness, hyper- 
activity.” In the study by Sanford pre- 
Viously referred to (32), in which a 
Cluster of measures prominently involv- 
ing skin responsivity was discovered, it 
was also found that this cluster corre- 
lated positively with conscientious work 
and negatively with passive timidity. 
In a somewhat different approach to 
the physiological responsivity problem, 
Wishner (41, 42) has recently found 
that a physiological response cluster 
Pasea on two exterior-type measures, 
SR and muscle action potential, is as- 
ee with alertness. Such data tend 
Hg affirm the idea that high physiological 
Pe aie of the body exterior is corre- 
ed with alertness, striving, and active 
xpressiveness. 
we general, it would appear that the 
a productiveness of the body- 
Pe oo vs. body-interior frame of ref- 
th nce has been sufficiently shown So 
‘hat further exploration of the idea 1s 
oe The next logical step, of 
T rse, is to set up a research design 
i Which exterior and interior physio- 
pclae Measures are obtained from sub- 
os s who have been categorized in ad- 
nce, relative to body-image indices. 
uch a study is being formulated and 
Setting under way. If the schema is 


supported by such research, there will 
then be available a frame of reference 
which can simultaneously embrace as- 
pects of physiological reactivity phe- 
nomena, psychosomatic symptomatol- 
ogy, and personality defense reactions. 


SUMMARY 


We have discussed some of the prob- 
lems involved in the categorization of 
physiological measures, and have em- 
phasized particularly the lack of a 
physiological frame of reference from 
which to interpret patterns of physio- 
logical reactivity. In our previous work 
we have shown that the degree to which 
the individual conceives of his body 
boundaries as thick and armored vs. 
thin and permeable is significantly 
linked with site of psychosomatic symp- 
tomatology, and also with certain per- 
sonality variables. We have suggested, 
on the basis of these findings, that 
patterns of physiological reactivity may 
be meaningfully viewed in terms of a 
contrast between body-exterior response 
and body-interior response. More spe- 
cifically, it was postulated that those 
who, in their body image, emphasize 
the armored thickness of their body 
exterior would show relatively greater 
physiological reactivity in their exterior 
body layers (skin and muscle) than in 
their body interior. The converse of 
this was postulated to hold true for in- 
dividuals who conceive of their body- 
image boundaries as permeable and 
easily penetrated. A range of literature 
has been reviewed which seems to lend 


support to such postulations. 
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THE PHYSIOLOGICAL BASIS OF FORM PERCEPTION 
IN THE PERIPHERAL RETINA 


R. H. DAY 


University of Sydney 


If the point of foveal fixation is held 
constant, and the angle subtended at the 
retina by that point and a stimulus ob- 
ject is decreased, either gradually with 
continuous exposure or by discrete steps 
with brief exposures, the appearance of 
the latter is perceived with progressively 
increasing clarity (4, 11, 12, 15, 17, 22, 
30, 34, 35). There is now a large body 
of data concerned with qualitative and 
quantitative aspects of peripheral visual 
perception, but no attempt has yet been 
made to deal comprehensively with these 
data from a theoretical standpoint. Pre- 
vious studies have been mainly of the 
fact-finding or exploratory variety, and 
have been little concerned with relating 

the subjective data to visual theory. 

In an earlier paper (6) it was shown 
that the phenomena of foveal form per- 
ception, under the condition of increas- 
ing contrast between the stimulus figure 
and its surround, could be accounted 
for satisfactorily by the statistical the- 
ory of neurophysiological activity in the 
primary projection system of the eye. 
This paper suggested also that changes 
in nonfoveal form perception arising 
from changes in the retinal locus of the 
image might be dealt with by this the- 
ory. The aim of this contribution is to 
carry out a detailed analysis of these 
data within the framework of the sta- 
tistical theory of visual perception. 

No attempt will be made here to de- 
scribe the nature of the statistical theory 
since this has already been outlined 
fully (6) and, together with the original 
statement of the theory (20), there are 
also comprehensive reviews of it in the 

psychological literature (23, 24, 31). It 
is sufficient to state here that this theory 
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employs the notion of populations of 
neural elements firing in a statistical 
fashion leading to a near-Gaussian 
distribution of excitation in area 17. 
Among the factors contributing to this 
distribution are reciprocally overlapping 
systems of fibers in the visual pathway 
giving rise to neural summation, neural 
recovery cycle characteristics, as well as 
diffractive properties, and nystagmatic 
movement of the eye. Visual acuity in 
its various forms is held to be a correlate 
of the peaking or sharpening of the cor- 
tical distribution of excitation. The 
sharper or more peaked is this distribu- 
tion the greater is the resolution of fine 
detail. When the slope and height of 
the excitation gradient exceed certain 
minimum (threshold) values, the locali- 
zation of an edge or contour in subjec- 
tive visual space coincides with the loca- 
tion of maximal excitation in area 17. 
The clearness of a contour will depend 
upon the sharpness of the excitation 
peak and the steepness of the excitation 
gradient. In the case of an extended 
and flattened distribution, a line, for 
example, would appear broadened and 
blurred along its edges as well as tend- 
ing to merge with the background. 


COMMENTS oN EXPERIMENTAL METHOD 


Before proceeding to an analysis of 
the experimental data, it is as well to 
examine carefully the experimental tech- 
niques employed in this type of investi- 
gation, since these can affect consider- 
ably the validity of the results obtained. 

Studies of form perception in the 
peripheral retina have used two meth- 
ods. In the moving method the stimu- 
lus object is moved slowly but continu- 
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ously toward the fixation point. An 
objection raised against this method 
(34) concerns the tendency of the image 
to disappear with prolonged fixation (8, 
9, 33). Disapperance of the image 
could lead to the loss of useful intro- 
spective data relating to the appearance 
of the stimulus figure at various removes 
from the fovea. In the stationary 
method the test object is momentarily 
exposed for a controlled time interval 
at different displacements from the point 
of fixation. Apart from the criticism of 
the moving method mentioned above, 
there appears to be no reason why these 
methods should not be regarded as giv- 
ing essentially similar results. It is con- 
Ceivable, however, that the mode of 
stimulation of the retinal “on-off type” 
Teceptors is not the same under the two 
Conditions of exposure. 

An important aspect of procedure 
which needs to be considered concerns 
the knowledge of the stimulus objects 
tie O possesses before undergoing a 
h 1al, or the opportunity provided during 
aS of trials for O to become fa- 
ie iar with the stimulus objects. Most 
studies (4, 11, 12, 17, 22, 30, 34, 35) 
ee either familiarized Os with the 
Stimulus figures before beginning the ex- 
anneni, or arranged the trials in such 
aeon that Os would grow very fa- 
Sink with these test objects during the 
ti oa of a series of trials. Collier ac- 
e ly took steps to ensure that Os 
Sd trained in every type of reaction 

4 which data would be later recorded” 
Cae 283). Using this procedure, it 
Bon be expected that by the comple- 
the of a series of trials Os would tend 

rely to recognize rather than “see” 

Heels figures. Drury has drawn 
ntion to this difficulty: 

the ef dcut, if not impossible, to etima 

g no recognizing, instead of “seeing, 

orms. To touch off a verbal name 


or o f 
stina epithet, it is only necessary that the 
S-pattern should be sufficient to suggest 


“that form.” Practice and repetition make O 
more and more expert in distinguishing the 
several members of a series (seen at times with 
full foveal adequacy). The experiment comes 
to be, therefore, more a process of coaching 
in the interpretation of indistinct signs than a 
discovery of retinal adequacy at various re- 
moves from the fovea (7, p. 639). 


This criticism of a widely used experi- 
mental procedure is perhaps more perti- 
nent in those experiments where the 
stimulus figure is eccentric to the foveal 
fixation point, than in those where the 
figure is viewed foveally under the con- 
dition of increasing contrast with respect 
to the surround. In the latter type of 
experiment O uses that part of the ret- 
ina (fovea) which is not only efficient in 
the resolution of fine detail, but is well 
adapted for and regularly employed in 
form perception. Even though a stimu- 
lus object might be deficient in those 
qualities essential to the perception of 
a particular form, O can describe confi- 
dently what is perceived at a certain 
stage in the perceptual process. With 
peripheral presentation of the stimulus 
object, however, a region of the retina 
which is capable of perceiving, at the 
best, gross form characteristics only, is 
stimulated. Further, this part of the 
retina is seldom used in the perception 
and recognition of form qualities. It is 
to be expected, then, that in the typical 
campimetric experiment O would tend to 
rely even more upon what has been 
learned regarding characteristics of the 
stimulus figure. In short, because of the 
inefficiency in form perception of the 
peripheral perceiving mechanism, Os 
be very ready to use as much as 
possible any knowledge acquired with 
respect to the nature of the stimulus fig- 
ures. Where introspective data are re- 
ported fully (15), the evidence suggests 
that even without any knowledge of the 
stimulus figures Os tend to fit the figure 
to some preconceived form. It is unfor- 
tunate that no control has been exer- 
cised over this factor of preknowledge 
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of, or increasing familiarity with, the 
stimulus figure. The failure to do so 
has led to the exclusion from this an- 
alysis of otherwise valuable data. 


PHYSIOLOGICAL PROCESSES 


Reciprocal overlap of ascending neu- 
ron chains, the presence of lateral con- 
necting neurons, and the convergence of 
receptor cells upon a single ganglion cell 
are some of the structural properties of 
the visual projection system which are 
of importance to the statistical theory 
in relation to peripheral vision. 

Reciprocal (20) or partially shifted 
(18) overlap refers to a typical arrange- 
ment of cross connections between as- 
cending fibers resulting in the divergence 
of impulses at one synaptic level and re- 
concentration of these at another synap- 
tic relay higher in the system. The out- 
come of this convergence of impulses is 
spatial summation. Figure 1 shows how 
cross connections between a “core” fiber 
and its collaterals give rise to a spread- 
ing of excitation at one synapse (S,) but 
concentrate it at the next (S,). Activity 
in the collateral fibers at the level of S; 
would tend to facilitate the core fiber, 
thus producing a differential rate of fir- 
ing with consequent peaking of the cor- 
tical distribution of excitation. Spread- 
ing and concentration of excitation in 
this manner could be expected to occur 
both at the retinal level and higher in 
the system at the levels of the geniculate 
and cortex. Reciprocally overlapping 
fiber systems are more characteristic of 
the peripheral retina than of the foveal 
region, where a point projection of neu- 
rons is more closely approached. The 
manner in which cortical peaking occurs 
with foveal stimulation is more depend- 
ent upon neural recovery cycle behavior 
than on the neural structure described 
above (20). 

It has been pointed out (20) that 
peaking of the cortical excitation pattern 
will occur only so long as all the later- 
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ally interconnected fibers potentially 
available for use are not operating. 
When all the available fibers in a group 
are activated fully, with no further re- 
cruitment possible, saturation occurs, 
i.e., summation reaches a ceiling and the 
peaked distribution is replaced by a 
plateau-type distribution. This process 
has been called occlusion (5) and, as 
Granit and Harper (12) have pointed 
out, the over-all effect will be deter- 
mined by the balance of summation and 
occlusion. The addition of fresh fibers 
impinging upon an already maximally 
discharging neuron is ineffective, since 
the neuron is saturated. The nature of 
the distribution under conditions of par- 
tial and complete saturation is shown 
schematically in Fig. 1. 


“COMPLETELY 
SATURATED 
PARTIALLY 
SATURATED 


STIMULUS 


Fic. 1. Schematic representation of recipto~ 
cally overlapping fiber system. Ny, No, Ns, Ny 
and N; are parallel ascending fibers, and Si, S» 


Ss, and S: are four levels of synaptic junctio?- 
When a stimulus activates the “corefiber” NS 
the resulting impulses tend to diverge at leve 
Sı and to concentrate again at level Sz. The 
course of divergence and concentration of im” 
pulses is shown by the two arrows, At the toP 
of the diagram are shown the probable shape 
of the cortical excitation distributions und@ 
conditions of partial and complete saturatio™ 


] 
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It has long been argued that the 
Principal determinant of poor resolving 
Power in the peripheral retina is the 
relatively greater ratio of receptor ele- 
ments to optic nerve ganglia in this re- 
gion (3, 28). When it is recalled that 
In parts of the peripheral retina the an- 
cli from which receptor elements 

rge on to higher order neurons 
may be as great as 2/4 degrees, it is 
plain that cellular convergence would 
interfere considerably with visual acuity. 

Marshall and Talbot (20) have sug- 
gested that convergence is not incom- 
a Fees the peaking function of re- 
a es overlap, since such acuity as is 
ote convergence can be regained by 
oË th Pping systems of fibers at the level 

h e geniculate and cortical synapses. 
inte is no reason to question this con- 
eee as a broad generalization, and, 
will this is the point of view which 
is a e adopted here. It is reasonable 
Pe a, however, that, because ot a 
ome E of increasing convergence from 
recipn o periphery, the degree to which 
of Aisi overlap overcomes the effects 
olte nvergence will become less as the 

t periphery is approached. 
ao (3) has shown that the 
Creases receptors to inner nuclei in- 
ery, = regularly from fovea to periph- 
and 80 his ratio is 1.09, 10.75, 42.00, 
46 Sep to 1 for distances of 1.0, 3.2, 
ten 6.0 mm., respectively, from the 
the f Thus, whereas in regions near 
Cony, ovea the low degree of cellular 
se ergence would not greatly interfere 
Sveri peaking arising from reciprocal 
ok ma the much higher ratio of receP- 

© inner cells in the outer periphery 
Severely limit this function. The 
Nae mher in which the two neural 

: es consequent upon reciprocal 
wim Vites investigations were carried out 
ing me he benefit of the chrom-silver stait- 
Cate. ods. More recent investigations ae 

pec! 


O z 
file os that the findings with res 
t convergence ratios are accurate. 


actua] 


to cel 


overlap and cellular convergence inter- 
act is by no means clear. It does seem, 
however, that whereas reciprocal overlap 
spreads and later concentrates streams 
of impulses from a small area, resulting 
finally in a peaked distribution, cellular 
convergence tends to bring together im- 
pulses from a wide area (1), resulting 
in summation at a single ganglion cell. 
Thus the effect of convergence will be 
to flatten and extend the cortical pattern 
of excitation, whereas reciprocal overlap 
will serve the function of sharpening the 
excitation peaks. The processes of con- 
vergence of impulses from a wide area 
upon a single cell, and of spreading and 
concentration of impulses due to recip- 
rocal overlap, are not to be thought of 
as entirely separate neural functions 
operating independently of each other. 
These activities are doubtless intermin- 
gled, and retinal elements such as the 
internuncial probably serve both func- 
tions. What is of interest to the present 
analysis is the degree to which each 
process occurs relative to the other, for 
upon this will depend the shape and 
gradient of the cortical distribution of 
excitation. 

The reciprocally overlapping system 
of fibers serving the function of cortical 
peaking, and the increasing convergence 
of receptor of ganglion cells from the 
fovea outwards limiting this process, 
would appear to be the basis of dyscritic 
(26) or protopathic (16) and epicritic 

Certainly such a proposal 


(26) vision. 

fits more closely the facts than does an 

explanation in terms of the type and 
lls. Parsons 


distribution of receptor ce 
(26) has drawn attention to certain 
epicritic features of dyscritic vision. 
That is, the difference between these 
two kinds of vision is a relative one 
only. The increasing limitation placed 
upon the peaking process from fovea to 
periphery by the gradually increasing 
receptor to ganglion convergence ratio 
would seem to be an acceptable physio- 
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logical explanation of the two kinds of 
visual function. 


THEORETICAL INTERPRETATION OF 
EXPERIMENTAL DATA 


Qualitative data. The data to be 
treated here are those reported by Zigler 
et al. (35) and Grindley (15): Inclu- 
sion of data from Zigler eż al. requires 
some justification, since this work was 
criticized above on the grounds that the 
experimental conditions permitted Os to 
grow familiar with the series of stimulus 
objects during the course of the experi- 
ment. Use is made of this report here 
since the peripheral perceiving process 
has been divided into a number of 
stages, which facilitates this analysis. 
Also, results from Grindley’s (15) in- 
vestigation, to which the above criticism 
does not apply, are in general agreement 
with those of Zigler et al. A further 

study by Galli (11) reports data which 
correspond to those of Zigler et al. 
Zigler et al. (35), using a wide vari- 
ety of stimulus patterns and employing 
the moving method, have shown that the 
perceptual process can conveniently be 
divided into four stages as the image 
moves from the outer periphery toward 
the fovea. The first stage occurs when 
O first becomes aware of the total stimu- 
lus object, i.e., the stimulus figure and 
its background. This is referred to as 
the “figureless field” stage. Although O 
is aware of the presence of a stimulus 
object in the peripheral visual field, 
there is no differentiation between figure 
and ground. The second stage, that of 
the “formless figure,” is reached when O 
reports that he is aware of “something” 
upon the background, i.e., when differ- 
entiation into figure and ground first 
occurs. Initially, O usually reports the 
presence of a faint spot or patch which 
in open figures is reported as being 
“filled in” or solid. The third stage is 
that of the “form-like figure” beginning 
at the point at which any suggestion in 
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regard to shape is reported. Initially 
the detail of the figure becomes organ- 
ized into a figure which is essentially un- 
classified. Only the most general char- 
acteristics of shape can be described. 
These include such features as “straight 
sided,” “rounded,” and “elongated” 
processes. The final stage is reached 
when the figure is accurately perceived 
and correctly described or named. 

As the image of the stimulus object 
traverses the retina from periphery to 
fovea, it moves from a region where 
there is a higher ratio of receptor to 
inner cells to one where this ratio is 
very much lower. Thus the peaking of 
cortical excitation consequent upon re- 
ciprocal overlap will tend to grow more 
marked as the fovea is more closely ap- 
proached. With progressive change in 
the cortical pattern of excitation, from 
an extended and flattened distribution 
with a slight gradient to one which is 
sharpened and the gradient steep, so, 
subjectively, edges will become better 
defined and detail clearer. In the para- 
foveal and foveal regions, peaking be- 
comes more pronounced as a result of 
the neural recovery cycle behavior of the 
fiber groups involved. (For a full ex- 
planation of this process see [20].) In 
terms of the nature of the cortical ex- 
citation pattern, the four stages of per- 
ception defined by Zigler et al. (35) are 
neurophysiologically represented by # 
progressive sharpening of cortical excl 
tation peaks and increases in the steep” 
ness in the slopes of the excitation gt4- 
dients. This process is represented i? 
Fig. 2, in which is shown the probable 
nature of the cortical pattern of firing 
at the four perceptual stages describe 
above. 

Grindley (15), using the stationa! 
method, reports a number of “errors 
of perception. Among these are t f3 
perception of an inverted T figure ĉ j 
a triangle with apex uppermost, t¥ 
squares with corners superimposed see” 
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{CLEAR FIGURE 
FORM-LIKE FIGURE 


FORMLESS FIGURE E 
FIGURELESS FIELD 


Fic. 2. Representation of cortical excitation distributions about the opposite edges of a 


a: for four stages of peripheral form perception. 
tributions due to facilitation within the area of overlap is shown fi 


and “formless figure” stages. 


as a cross within a circle, and an open 
circle seen as a solid figure. Each of 
these phenomena can be attributed to a 
filling-in effect (6), correlated neuro- 
Payeiologically with an extended and 
: ertened cortical-excitation pattern. In 
Pa absence of cortical peaking an edge 
appear as blurred and extended, as 
well as tending to merge with the back- 
Pan In the case of the open circle 
tend as a solid circle or a disc, the ex- 
th led distribution of excitation about 
a inner edge of one part of the circle 
dist be continuous with the extended 
3 S ribution about that part of the edge 
pee to it. Figure 2 shows how, 
apts of the flattened distribution 
ane ight excitation gradient, this would 
SE, Another phenomenon of periph- 
perception reported by Grindley 
Lo is the appearance of an open figure 
in i, open figure but with a dark patch 
e central part of the figure. Since 

a two cortical “ridges” of excitation 
ae the opposite sides of a figure 
is vS tend in some cases to overlap, it 
ae that those groups of fibers in- 
ey within the area of overlap would 
con to facilitate each other. The out- 
other of such facilitation would be an- 
é peak or “ridge” of excitation at 
center of the figure, although no 

Be or contour exists. Depending upon 
Ran me of the figure and the retinal 
re Sine the image, this effect would lead 
ove-threshold excitation, thus giv- 


The slight increase in the height of the 
or the “figureless field” 


ing the subjective impression of a patch 
at the center of the stimulus figure. 
Such a patch could occur alone or sur- 
rounded by the blurred contour of the 
figure, depending upon the heights of 
the three distributions. This process is 
shown diagrammatically in Fig. 2 
Blurring of the outline of a figure and 
the tendency for edges and contours to 
merge with background in peripheral 
vision would tend to obscure the shape 
of a figure, so that it would appear as 
a more or less circular patch or spot. 
This would be the case at the formless 
figure stage. Thus the two superim- 
posed squares would be perceived as 
roughly circular, with the superimposed 
corners of the two squares forming a 
plurred cross within the circle. The 
blurring and filling-in effect would be 
e for an inverted T figure 


responsibl I 
being perceived as a triangle with apex 
uppermost. 


ated, however, that there 


It must be st: 
ceptual phenomena 


are a number of per 
in peripheral vision which cannot be in- 


terpreted entirely in terms of the proc- 
esses which have been outlined. If fur- 
ther determinants in peripheral visual 
perception—such as various types of eye 
movement (physiological nystagmus, 
drift, saccades), loss of fixation, disap- 
pearance of peripheral image, and O’s 
preconceived notions of figure qualities 
Žare also considered, then most of the 
phenomena are explicable. 
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Effect of stimulus-object size. Most 
investigators (15, 17, 30) are agreed 
that large stimulus figures are clearly 
seen and accurately described at a 
greater degree of eccentricity than are 
smaller figures. At a given retinal locus 
a small open circle would appear filled 
in, since the excitation distributions rep- 
resenting opposite edges would overlap, 
thus giving the subjective appearance of 
solidity. With larger circles, however, 
although the outline would still appear 
blurred and hazy, the circle would ap- 
pear open, since the two cortical distri- 
butions would not overlap, or would 
overlap to the same extent as in the case 
of the smaller circle. In the same man- 
ner, gross aspects of form would not be 
obscured to the same extent as finer de- 
tail. In this respect it can be hypothe- 
sized that the degree of eccentricity 
from the fixation point at which a figure 
can be perceived clearly will depend 
upon the perimeter-to-area (P/A) ratio 
(2). This ratio defines the amount of 
edge detail relative to the area of the 
figure. 

Effects of exposure time. In an ex- 
amination of the effects of exposure time 
on peripheral visual perception, Grind- 
ley (15) varied exposure time from 0.01 
to 1.00 sec., with the stimulus located 
at angular distances of 20, 40, and 60 
degrees from the fixation point. With 
very short exposures the pattern was 
either not seen at all, or, when it was 
seen, it appeared as a blurred patch. 
With longer exposures the pattern was 
reported as blurred throughout the time 
for which it was exposed, clear at first, 
then growing blurred; or blurred ini- 
tially and clear later. A report by 
Meisenheimer (21) is in agreement with 
these results. Unfortunately Grindley’s 
study does not include detailed results 
for the three eccentric angles used. 

Nevertheless, the general findings for 
variation in exposure time are what 
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would be expected on the basis of the 
statistical theory. 

The nonappearance of the stimulus 
object, or its appearance as a blurred 
patch, can again be attributed to 4 
flattened distribution of cortical activity 
about the cortical representation of 
edges and contours. In the case of non- 
appearance of the stimulus pattern, the 
height of this distribution would be 
below the threshold for visual experi- 
ence, and with a blurred patch slightly 
above that threshold. For each of these 
brief exposure phenomena the absence of 
peaking can be attributed not only to 
the inhibition of the mechanism of recip- 
rocal overlap by cellular convergence, 
but also to an insufficiency of time 
for the peaked distribution to develop. 
Evidence for this is provided by reac- 
tion-time studies, which show that in 
the periphery RT increases from 0.004 
sec. at 3 degrees to 0.024 sec. at 45 de- 
grees (19, 27) indicating an increase in 
neural transmission time and synaptic 
delay. Even in the dark adapted state, 
when the peripheral receptors are in a 
very much more sensitive state, increase 
in reaction time compared with the 
fovea is insignificant (27). In the inner 
periphery the insufficiency of time for 4 
peaked distribution to build up would 
be the principal determinant of the non- 
appearance of the stimulus object. J? 
the outer periphery this time factor 
would operate along with the inhibitory 
effects of convergence. 

The brief appearance of the figure at 
the beginning of the exposure, follow® 
by blurring for the remainder of the €% 
posure, is probably attributable to f 
saturation process already describe?’ 
This process is described more fully #” 
the next section dealing with “fi xatio? 
blindness.” Depending upon the reti?@ 
locus of the image and the expos! 
time involved, initial blurring follow? 
by a clear image is due, probably, to thé 
time necessary for the building uP 
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cortical peaks of activity. It would be 
expected that this phenomenon would 
be more characteristic of the outer 
peripheral region. 

Whether the stimulus pattern is 
blurred throughout the time of exposure, 
appears clear at first, and then fades to 
become blurred or to disappear com- 
pletely, or vice versa, will be a complex 
function of other factors as well as those 
relating to retinal and cortical processes. 
These include retinal locus of the image, 
stimulus size, shape, and intensity, to- 
gether with constancy of fixation, knowl- 
edge concerning the stimulus pattern, 
and eye movements. So far, the condi- 
tions under which an object is clear or 
blurred, or passes from one of these 
states to the other, have not been speci- 
fied. There is obviously a considerable 
need for experimentation to determine 
under what conditions these various 
Phenomena occur. 

_ Disappearance of the peripheral 
image. Fading of the peripheral image, 
first reported by Troxler (33), and 
Sometimes referred to as “fixation blind- 
hess” (14), occurs usually after two to 
three seconds of fixation, and is limited 
to the peripheral retina. This effect 
occurs more rapidly at large peripheral 
angles and with greater stimulus inten- 
ae but Jess rapidly with large stimu- 
Us objects, Restoration of the image 
can be brought about by brief loss of 
xation, or by rapid removal and re- 
Placement of the stimulus figure. Dun- 
ap (9) reported that reappearance of 
Pring image occurs spontaneously, some- 
bore in the form of the stimulus object 
— sometimes as a darker spot, and 
nly as a coronal effect sur- 
7 nding the position where the stimu- 

S object was last seen. Dunlap re- 
as also that: “A haze or blur of 
i russa light was discernible, covering 
aro erable part of the visual field 

und the spot, and this haze of light 


remained after the brighter spot had 
disappeared” (9, p. 204). 

Discrimination between a figure and 
its background is dependent upon the 
perception of an edge or contour sepa- 
rating the two. The cortical correlate 
of the clear perception of an edge is a 
sharpened peak to the cortical excitation 
pattern and a steep excitation gradient. 
In the peripheral retina, as has been 
pointed out, this sharpening is depend- 
ent upon a reciprocally overlapping sys- 
tem of fibers. When such a system be- 
comes saturated the cortical excitation 
distribution becomes flattened, and the 
excitation gradient less steep (Fig. 1). 
The subjective outcome of saturation 
would be the blurring and obscuring of 
edges and borders, with consequent loss 
of clear differentiation between figure 
and ground. Indeed Dunlap’s (9) de- 
scription of “a haze or blur of diffused 
light” is precisely how an edge would be 
expected to appear under conditions of 
saturation. 

A process of saturation in the manner 
suggested is well supported by experi- 
mental evidence. The rapid onset of 
the process and a negatively accelerated 
course (14) is to be expected from the 
structural arrangement of fibers respon- 
sible for peaking. A more intense stim- 
ulus would result in more rapid satura- 
tion of the group of fibers involved, and 
a large stimulus object would be Jess 
likely to be obscured by edge blurring 
and haziness than would a smaller one. 
Brief loss of fixation or removal of the 
stimulus would permit the saturated 
fiber group to recover, and so restore 


the image. 
Spontane! 
image is more 


ous reappearance of the 
difficult to account for. 
Figure 1 shows, however, that, although 
the cortical excitation pattern under con- 
ditions of saturation is flattened and the 
gradient slight, the height of the distri- 
bution remains above threshold for per- 
ception. That is to say, although con- 
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tour is obscured by blurring about the 
edges, resulting in virtual loss of the 
figure, the height of the distribution re- 
mains at threshold level. Assuming nys- 
tagmatic eye movement and drift, how- 
ever, further fibers will be activated, 
causing the point of maximal cortical 
excitation to shift, and thus resulting 
in the brief reappearances of the image 
before these, too, become saturated. 
Since the distribution has remained 
above threshold, activation of further 
fibers, resulting in the definition of 
edges, would readily result in the re- 
appearance of the image. 

An experiment. The theory of pe- 
ripheral form perception which has been 
outlined possesses the advantage of per- 
mitting relatively precise predictions to 
be made regarding the changes in the 
appearance of a stimulus pattern as the 
distance of the image from the fovea is 
decreased. An as yet unpublished in- 
vestigation carried out by the writer was 
designed to test some of the predictions 
and is worth quoting in this context. 

The six figures used are shown in Fig. 
3. These were presented by means of 
an exposure device mounted on a Stoel- 
ting campimeter. The Os were quite 
unfamiliar with the figures, and no com- 
ment was made by Æ after a description 
of a particular test object had been of- 
fered. The Os both described and drew 
what they saw at each angle of presen- 
tation. 

Generally it was predicted that in the 
outer periphery the figures would be 
seen as dark, almost formless, patches 
on a whitish ground. Closer to the 
fovea, small edge indentations would be 
filled in and corners rounded by blurring 
at the edges. White spaces enclosed 

within the figure would tend to be seen 


Pe.th 


Fic. 3. Six forms used in experiment. 
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as continuous with the rest of the figure, 
due to the filling-in effect. Forms 2, 5, 
and 6 would be seen at some stage as 
rectangles before the emergence of de- 
tail. Forms 1 and 3 would be seen as 
roughly triangular, and Form 4 seen 
first as a hazy rounded patch, then as 
diamond-shaped and finally as a blurred 
cross. In all cases these predictions 
have been correct. For example, the 
inverted L shape was seen first by one 
O at 70 degrees as a dark blur with 4 
flattened top, at 50 degrees as a dark 
triangle with apex downward, and at 30 
degrees as a boomerang shape. Again, 
Form 6 was perceived first as a blurred 
dark patch, and at between 50 and 30 
degrees as a hollow square before it 
emerged clearly. 


SUMMARY AND CONCLUSIONS 


A theory of form perception in the 
peripheral retina, based upon the statis- 
tical theory of neurophysiological activ- 
ity in the visual primary projection sys- 
tem, has been presented. The basic 
assumption in this theory is that an 
edge, border or contour has as its cor- 
tical correlate a near-Gaussian distribu- 
tion of excitation in area 17. The 
sharpness of the peak of excitation of 
this distribution, and the slope of the 
gradient, determine the clarity wi 
which form is perceived. 

Certain methodological problems 1°- 
lating to the familiarity of O with thé 
stimulus objects have been examined: 
Attention is drawn to the tendency of 
merely to recognize and designate, # 
opposed to “seeing” and describing, 
stimulus object when the experimen 
conditions are such as to allow O to D& 
come familiar with the stimulus object 

It is suggested that in the periphe! 3 
retina the reciprocally overlapping 5”, 
tems of fibers give rise to a peaking 
the cortical excitation pattern, whereis 
convergence of the receptor layer UP, 


inner retinal cells tends to limit of a 
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hibit this process. Since convergence 
Increases from the fovea to the outer 
Periphery, the latter is much less effi- 
cient in form perception. It is proposed 
that the processes consequent upon re- 
Ciprocal overlap and cellular convergence 
form the basis of what has been called 
dyscritic and epicritic vision. 

Data drawn from various sources 
have been examined and interpreted as 
evidence for the theoretical proposals. 
These data include qualitative aspects 
of Peripheral form perception, effects of 
stimulus-object size and exposure time, 
and peripheral “fixation blindness.” 

An experiment designed to test some 
Predictions of this theory is described 

Tiefly, 

Pan! statistical theory has now been 
ed to deal with such diverse visual 
F enomena as visual acuity (20, 32), 
a aftereffects (24), movement per- 
ti a ton (23), and foveal form percep- 
as ova With each of these phenom- 
ih a theory has dealt satisfactorily 
pp € greater part of the experimental 
nn It is possibly pertinent to add 
a not dissimilar theory has been 
Proposed in regard to somesthetic sen- 

sitivity (29), 
i Because knowledge of the neurophysi- 
Ogical processes of the visual system is 


aa incomplete, it is inevitable that 
aed i of the theoretical proposals are 
PEN ative. The theory does have, 

mittine’ the important virtue of per- 
A ois readily testable hypotheses to 

ana up and subjected to physiological 
this „Psychological experiment. Until 
tical ee the validity of the statis- 
ay eory, and such modifications that 

Prove necessary to increase its 


Validi . 
dity, must remain uncertain. 
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that use of retroactive inhibition as a 
paradigm of forgetting (via interfer- 
ence) may be seriously questioned. To 
be more specific: if a subject learns a 
single task, such as a list of words, and 
retention of this task is measured after 
a day, a week, or a month, I will try 
to show that very little of the forgetting 
can be attributed to an interfering task 
learned outside the laboratory during 
the retention interval. Before pursuing 
this further, I must make some general 
comments by way of preparation. 
Whether we like it or not, the experi- 
mental study of forgetting has been 
largely dominated by the Ebbinghaus 
tradition, both in terms of methods and 
materials used. I do not think this is 
rsity on the part of 
f scientists inter- 
It may be noted 
elementary knowledge 
nly by rote Jearning. 


ing ourselves with phe 
no counterparts outside the laboratory. 


Furthermore the investigation of these 
phenomena can be handled by methods 


which are acceptable to a science. AS 
there are periodic verbal 


e Ebbinghaus tradi- 
tion (egs 2 i 
reason no ing much ever happens in 
the laboratory as a consequence of these 
revolts. I mention these matters neither 
by way of apology nor of justification 
for having done some research in rote 
Jearning, but for two other reasons. 
First, it may Vety well be true, as some 
have suggested (e.g, 22), that studies 
of memory in the Ebbinghaus tradition 
are not getting at all of the important 
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phenomena of memory. I think the 
same statement—that research has not 
got at all of the important processes— 
could be made about all areas in psy- 
chology; so that the criticism (even if 
just) should not be indigenous to the 
study of memory. Science does not deal 
at will with all natural events. Science 
deals with natural events only when 
ingenuity in developing methods and 
techniques of measurement allow these 
events to be brought within the scope 
of science. If, therefore, the studies of 
memory which meet scientific accepta- 
bility do not tap all-important memorial 
processes, all I can say is that this is 
the state of the science in the area at 
the moment. Secondly, because the 
bulk of the systematic data on forget- 
ting has been obtained on rote-learned 
tasks, I must of necessity use such data 
in discussing interference and forgetting. 
Returning to the experimental situa- 
tion, let me again put in concrete form 
the problem with which I first wish to 
deal. A subject learns a single task, 
such as a list of syllables, nouns, or ad- 
jectives. After an interval of time, say, 
24 hours, his retention of this list is 
measured. The explanatory problem is 
what is responsible for the forgetting 
which commonly occurs over the 24 
hours. As indicated earlier, the studies 
of retroactive inhibition led to the theo- 
retical generalization that this forgetting 
was due largely to interference from 
other tasks learned during the 24-hour 
retention interval. McGeoch (20) came 
to this conclusion, his last such state- 
ment being made in 1942. I would, 
therefore, like to look at the data which 
were available to McGeoch and others 
interested in this matter. I must repeat 
that the kind of data with which I am 
concerned is the retention of a list with- 
out formal interpolated learning intro- 
duced. The interval of retention with 
which I am going to deal in this, and 
several subsequent analyses, is 24 hours. 


First, of course, Ebbinghaus’ data 
were available and in a sense served as 
the reference point for many subsequent 
investigations. In terms of percentage 
saved in relearning, Ebbinghaus showed 
about 65 per cent loss over 24 hours 
(7). In terms of recall after 24 hours, 
the following studies are representative 
of the amount forgotten: Youtz, 88 per 
cent loss (37); Luh, 82 per cent (18); 
Krueger, 74 per cent (16); Hovland, 
78 per cent (11); Cheng, 65 per cent 
and 84 per cent (6); Lester, 65 per cent 
(17). Let us assume as a rough average 
of these studies that 75 per cent forget- 
ting was measured over 24 hours, In all 
of these studies the list was learned to 
one perfect trial. The percentage values 
were derived by dividing the total num- 
ber of items in the list into the number 
lost and changing to a percentage. 
Thus, on the average in these studies, 
if the subject learned a 12-item list and 
recalled three of these items after 24 
hours, nine items (75 per cent) were 
forgotten. 

The theory of interference as ad- 
vanced by McGeoch, and so far as I 
know never seriously challenged, was 
that during the 24-hour interval sub- 
jects learned something outside the lab- 
oratory which interfered with the list 
learned in the laboratory. Most of the 
materials involved in the investigations 
cited above were nonsense syllables, 
and the subjects were college students. 
While realizing that I am viewing these 
results in the light of data which Mc- 
Geoch and others did not have available, 
it seems to me to be an incredible stretch 
of an interference hypothesis to hol 
that this 75 per cent forgetting was 
caused by something which the subjects 
learned outside the laboratory during 
the 24-hour interval. Even if we agre? 
with some educators that much of wha 
we teach our students in college is 2°"; 
sense, it does not seem to be the kit 
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of learning that would interfere with 
nonsense syllables. 

If, however, this forgetting was not 
due to interference from tasks learned 
outside the laboratory during the reten- 
tion interval, to what was it due? I 
shall try to show that most of this for- 
getting was indeed produced by inter- 
ference—not from tasks learned outside 
the laboratory, but from tasks learned 
previously in the laboratory. Following 
this I will show that when interference 
from laboratory tasks is removed, the 
amount of forgetting which occurs is 
relatively quite small. It then becomes 
more plausible that this amount could 
be produced by interference from tasks 
learned outside the laboratory, although, 
as I shall also point out, the interference 
very likely comes from prior, not inter- 
Polated, learning. 

In 1950 a study was published by 
Mrs. Greenberg and myself (10) on re- 
tention as a function of stage of prac- 
tice. The orientation for this study was 
Crassly empirical; we simply wanted to 
know if subjects learn how to recall in 
me same sense that they learn how to 
learn. In the conditions with which I 
iat concerned, naive subjects learned a 
es of ten paired adjectives to 4 crite- 
ion of eight out of ten correct on 4 
Teg trial. Forty-eight hours later this 
rid was recalled. On the following day, 
ees same subjects learned a new list 
its the same criterion and recalled it 
B a 48 hours. This continued for two 
a itional lists, so that the subjects had 
aa and recalled four lists, but the 
pl ning and recall of each list was COM- 

E before another list was learned. 
ie was low similarity among these 
of si as far as conventional symptoms 
ns miy are concerned. No words 
ine repeated and no obvious similari- 
a existed, except for the fact that they 

€ all adjectives and a certain amount 
wets among prefixes, suffixes, 
so on must inevitably occur. The 
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Fic. 1. Recall of paired adjectives as a func- 
tion of number of previous lists learned (10). 


recall of these four successive lists is 
shown in Fig. 1. 

As can be seen, the more lists that are 
learned, the poorer the recall, from 69 
per cent recall of the first list to 25 per 
cent recall of the fourth list. In examin- 
ing errors at recall, we found a sufficient 
number of intrusion responses from pre- 
vious lists to lead us to suggest that the 
increasing decrements in recall were 
a function of proactive interference from 
previous lists. And, while we pointed 
out that these results had implications 
for the design of experiments on reten- 
tion, the relevance to an interference 
theory of forgetting was not mentioned. 

Dr. E. J. Archer has made available 
to me certain data from an experiment 
which still is in progress and which deals 
with this issue. Subjects learned lists of 
12 serial adjectives to one perfect trial 
and recalled them after 24 hours. The 
recall of a list always took place prior to 
learning the next list. The results for 
nine successive lists are shown in Fig. 2. 
Let me say again that there is no labora- 
tory activity during the 24-hour inter- 
val; the subject learns a list, is dismissed 
from the laboratory, and returns after 
24 hours to recall the list. The percent- 
age of recall falls from 71 per cent for 
the first list to 27 per cent for the ninth. 

In summarizing: the more classical 
data on retention above, I indicated that 
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a rough estimate showed that after 24 
hours 75 per cent forgetting took place, 
or recall was about 25 per cent correct. 
In viewing these values in the light of 
Greenberg’s and Archer’s findings, the 
conclusion seemed inescapable that the 
classical studies must have been dealing 
with subjects who had learned many 
lists. That is to say, the subjects must 
have served in many conditions by use 
of counterbalancing and repeated cycles. 
To check on this I have made a search 
of the literature on the studies of reten- 
tion to see if systematic data could be 
compiled on this matter. Preliminary 
work led me to establish certain criteria 
for inclusion in the summary to be pre- 
sented. First, because degree of learn- 
ing is such an important variable, I have 
included only those studies in which de- 
gree of learning was one perfect recita- 
tion of the list. Second, I have included 
only studies in which retention was 
measured after 24 hours. Third, I have 
included only studies in which recall 
measures were given. (Relearning 
measures add complexities with which I 
do not wish to deal in this paper.) 
Fourth, the summary includes only ma- 
terial learned by relatively massed prac- 
tice. Finally, if an investigator had two 
or more conditions which met these cri- 
teria, I averaged the values presentation 
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Fic. 2. Recall of serial adjective lists as a 
function of number of previous lists learned. 
Unpublished data, courtesy of Dr. E. J. Archer. 


in this paper. Except for these restric- 
tions, I have used all studies I found 
(with an exception to be noted later), 
although I do not pretend to have made 
an exhaustive search. From each of 
these studies I got two facts: first, the 
percentage recalled after 24 hours, and 
second, the average number of previous 
lists the subjects had learned before 
learning the list on which recall after 24 
hours was taken. Thus, if a subject had 
served in five experimental conditions 
via counterbalancing, and had been 
given two practice lists, the average 
number of lists learned before learning 
the list for which I tabulated the recall 
was four. This does not take into ac- 
count any previous experiments in rote 
learning in which the subject might have 
served. 


For each of these studies the two 
facts, average number of previous lists 
learned and percentage of recall, are 
related as in Fig. 3. For example, 
consider the study by Youtz. This 
study was concerned with Jost’s law, 
and had several degrees of learning, 
several lengths of retention interval, and 
the subjects served in two cycles. Ac- 
tually, there were 15 experimental con- 
ditions and each subject was given each 
condition twice. Also, each subject 
learned six practice lists before starting 
the experimental conditions. Among the 
15 conditions was one in which the learn- 
ing of the syllables was carried to one 
perfect recitation and recall was taken 
after 24 hours. It is this particular con- 
dition in which I am interested. On the 
average, this condition would have bee? 
given at the time when the subject had 
learned six practice lists and 15 experi- 
mental lists, for a total of 21 previous 
lists. 

The studies included in Fig. 3 have 
several different kinds of materials, from 
geometric forms to nonsense syllables tO 
nouns; they include both paired-associ- 
ate and serial presentation, with differ- 
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Fic. 3. Recall as a function of number of previous lists learned as determined from a 


number of studies. 


From left to right: Weiss and Margolius (35), Gibson (9), Belmont and 


eam (3), Underwood and Richardson (33), Williams (36), Underwood (27, 28, 29, 30), Lester 
), Johnson (14), Krueger (16), Cheng (6), Hovland (11), Luh (18), Youtz (37). 


ent speeds of presentation and different 
lengths of lists. But I think the general 
relationship is clear. The greater the 
number of previous lists learned the 
greater the forgetting. I interpret this 
to mean that the greater the number of 
Previous lists the greater the proactive 
interference. We know this to be true 
(26) for a formal proactive-inhibition 
Paradigm; it seems a reasonable inter- 
pretation for the data of Fig. 3. That 
there are minor sources of variance still 
involved I do not deny. Some of the 
Variation can be rationalized, but that 
1s not the purpose of this report. The 
Point I wish to make is the obvious one 
of the relationship between number of 
Previous lists learned—lists which pre- 
Sumably had no intentionally built-in 
Similarity—and amount of forgetting. 
If you like to think in correlational 
terms, the rank-order correlation be- 
tween the two variables is — .91 for the 
14 points of Fig. 3. 

It may be of interest to the historian 
that, of the studies published before 
1942 which met the criteria I imposed, 
I did not find a single one in which sub- 


jects had not been given at least one 
practice task before starting experimen- 
tal conditions, and in most cases the 
subjects had several practice lists and 
several experimental conditions. Gib- 
son’s study (1942) was the first I found 
in which subjects served in only one 
condition and were not given practice 
tasks. I think it is apparent that the 
design proclivities of the 1920s and 
1930s have been largely responsible for 
the exaggerated picture we have had of 
the rate of forgetting of rote-learned 
materials. On the basis of studies per- 
formed during the 1920s and 1930s, I 
have given a rough estimate of forget- 
ting as being 75 per cent over 24 hours, 
recall being 25 per cent. On the basis 
of modern studies in which the subject 
has learned no previous lists—where 
there is no proactive inhibition from 
previous laboratory tasks—a rough es- 
timate would be that forgetting is 25 
per cent; recall is 75 per cent. The 
values are reversed. (If in the above 
and subsequent discussion my use of 
percentage values as if I were dealing 
with a cardinal or extensive scale is dis- 
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turbing, I will say only that it makes 
the picture easier to grasp, and in my 
opinion no critical distortion results.) 

Before taking the next major step, 

I would like to point out a few other 
observations which serve to support my 
general point that proactive inhibition 
from laboratory tasks has been the 
major cause of forgetting in the more 
classical studies. The first illustration 
I shall give exemplifies the point that 
when subjects have served in several 
conditions, forgetting after relatively 
short periods of time is greater than 
after 24 hours if the subject has served 
in only one condition. In the Youtz 
study to which I have already referred, 
other conditions were employed in which 
recall was taken after short intervals. 
After 20 minutes recall was 74 per cent, 
about what it is after 24 hours if the 
subject has not served in a series of con- 
ditions. After two hours recall was 32 
per cent. In Ward’s (34) well-known 
reminiscence experiment, subjects who 
on the average had learned ten previous 
lists showed a recall of only 64 per cent 
after 20 minutes. 

In the famous Jenkins-Dallenbach 

(13) study on retention following sleep 
and following waking, two subjects were 
used. One subject learned a total of 61 
lists and the other 62 in addition to sev- 
eral practice lists. Roughly, then, if the 
order of the conditions was randomized, 
approximately 30 lists had been learned 
prior to the learning of a list for a given 
experimental condition. Recall after 
eight waking hours for one subject was 
4 per cent and for the other 14 per cent. 
Even after sleeping for eight hours the 
recall was only 55 per cent and 58 per 
cent. 

I have said that an interpolated list 
can produce severe forgetting. How- 
ever, in one study (1), using the A-B, 
A-C paradigm for original and interpo- 
lated learning, but using subjects who 
had never served in any previous con- 


ditions, recall of the original list was 
46 per cent after 48 hours, and in an- 
other comparable study (24), 42 per 
cent. Thus, the loss is not nearly as 
great as in the classical studies I have 
cited where there was no interpolated 
learning in the laboratory. 

My conclusion at this point is that, 
in terms of the gross analysis I have 
made, the amount of forgetting which 
might be attributed to interference from 
tasks learned outside the laboratory has 
been “reduced” from 75 per cent to 
about 25 per cent. I shall proceed in 
the next section to see if we have 
grounds for reducing this estimate still 
more. In passing on to this section, 
however, let me say that the study of 
factors which influence proactive inhi- 
bition in these counterbalanced studies 
is a perfectly legitimate and important 
area of study. I mention this because 
in the subsequent discussion I am going 
to deal only with the case where a sub- 
ject has learned a single list in the lab- 
oratory, and I do not want to leave the 
impression that we should now and for- 
evermore drop the study of interference 
produced by previous laboratory tasks. 
Indeed, as will be seen shortly, it is my 
opinion that we should increase these 
studies for the simple reason that the 
proactive paradigm provides a more 
realistic one than does the retroactive 
paradigm. 

When the subject learns and recalls a 
single list in the laboratory, I have given 
an estimate of 25 per cent as being the 
amount forgotten over 24 hours. When, 
as shown above, we calculate percentage 
forgotten of lists learned to one perfect 
trial, the assumption is that had the 
subjects been given an immediate recall 
trial, the list would have been perfectly 
recalled. This, of course, is simply not 
true. The major factor determining 
how much error is introduced by this 
criterion-percentage method is probably 
the difficulty of the task. In general, 
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the overestimation of forgetting by the 
percentage method will be directly re- 
lated to the difficulty of the task. Thus, 
the more slowly the learning approaches 
a given criterion, the greater the drop 
on the trial immediately after the cri- 
terion trial. Data from a study by 
Runquist (24), using eight paired ad- 
jectives (a comparatively easy task), 
shows that amount of forgetting is 
overestimated by about 10 per cent. In 
a study (32) using very difficult conso- 
nant syllables, the overestimation was 
approximately 20 per cent. To be con- 
servative, assume that on the average 
the percentage method of reporting Te- 
call overestimates the amount forgotten 
by 10 per cent. If we subtract this 
from the 25 per cent assumed above, 
the forgetting is now re-estimated as 
being 15 per cent over 24 hours. That 
is to say, an interference theory, or any 
other form of theory, has to account for 
a very small amount of forgetting as 
compared with the amount traditionally 
cited. 

What are the implications of so 
greatly “reducing” the amount of for- 
getting? There are at least three impli- 
cations which I feel are worth pointing 
out. First, if one wishes to hold to an 
interference theory of forgetting (as I 
do), it seems plausible to assert that 
this amount of forgetting could be pro- 
duced from learning which has taken 
place outside of the laboratory- Fur- 
thermore, it seems likely that such in- 
terference must result primarily from 
Proactive interference. This seems likely 
on a simple probability basis. A 20; 
year-old college student will more likely 
have learned something during his 20 
years prior to coming to the laboratory 
that will interfere with his retention 
than he will during the 24 hours between 
the learning and retention test. How- 
ever, the longer the retention interval 
the more important will retroactive 10- 


terference become relative to proactive 
interferences. 

The second implication is that these 
data may suggest greater homogeneity 
or continuity in memorial processes than 
hitherto supposed. Although no one 
has adequately solved the measurement 
problem of how to make comparisons of 
retention among conditioned responses, 
prose material, motor tasks, concept 
learning, and rote-learned tasks, the 
gross comparisons have indicated that 
rote-learned tasks were forgotten much 
more rapidly than these other tasks. 
But the rote-learning data used for com- 
parison have been those derived with the 
classical design in which the forgetting 
over 24 hours is approximately 75 per 
cent. If we take the revised estimate 
of 15 per cent, the discrepancies among 
tasks become considerably less. 

The third implication of the revised 
estimate of rate of forgetting is that the 
number of variables which appreciably 
influence rate of forgetting must be 
sharply limited. While this statement 
does not inevitably follow from the an- 
alyses I have made, the current evidence 
strongly supports the statement. I want 
to turn to the final section of this paper 
which will consist of a review of the in- 
fluence of some of the variables which 
are or have been thought to be related 
to rate of forgetting. In considering 
these variables, it is well to keep in 
mind that a variable which produces 
only a small difference in forgetting is 
important if one is interested in ac- 
counting for the 15 per cent assumed 
now as the loss over 24 hours. If ap- 
propriate for a given variable, I will in- 
dicate where it fits into an interference 
theory, although in no case will I en- 


deavor to handle the details of such a 


theory. i 
Time. Passage of time between learn- 


ing and recall is the critical defining 
variable for forgetting. Manipulation of 
this variable provides the basic data for 
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which a theory must account. Previ- 
ously, our conception of rate of forget- 
ting as a function of time has been tied 
to the Ebbinghaus curve. If the analy- 
sis made earlier is correct, this curve 
does not give us the basic data we need. 
In short, we must start all over and de- 
rive a retention curve over time when 
the subjects have learned no previous 
materials in the laboratory. It is ap- 
parent that I expect the fall in this 
curve over time to be relatively small. 

In conjunction with time as an inde- 
pendent variable, we must, in explana- 
tions of forgetting, consider why sleep 
retards the processes responsible for for- 
getting. My conception, which does not 
really explain anything, is that since for- 
getting is largely produced by proactive 
interference, the amount of time which 
a subject spends in sleep is simply to be 
subtracted, from the total retention in- 
terval when predicting the amount to be 
forgotten. It is known that proactive 
interference increases with passage of 
time (5); sleep, I believe, brings to a 
standstill whatever these processes are 
which produce this increase. 

Degree of learning. We usually say 
that the better or stronger the learning 
the more or better the retention. Yet, 
we do not know whether or not the rate 
of forgetting differs for items of different 
strength. The experimental problem is 
a difficult one. What we need is to have 
a subject learn a single association and 
measure its decline in strength over 
time. But this is difficult to carry out 
with verbal material, since almost of 
necessity we must have the subject learn 
a series of associations, to make it a 
reasonable task. And, when a series of 
associations are learned, complications 
arise from interaction effects among as- 
sociations of different strength. Never- 
theless, we may expect, on the basis of 

evidence from a wide variety of studies, 
that given a constant degree of similar- 
ity, the effective interference varies as 


some function of the strength of asso- 
ciations. 

Distribution of practice. It is a fact 
that distribution of practice during ac- 
quisition influences retention of verbal 
materials. The facts of the case seem 
to be as follows. If the subject has not 
learned previous lists in the laboratory, 
massed practice gives equal or better 
retention than does distributed practice. 
If, on the other hand, the subject has 
learned a number of previous lists, dis- 
tributed practice will facilitate retention 
(32). We do not have the theoretical 
solution to these facts. The point I 
wish to make here is that whether or 
not distribution of learning inhibits or 
facilitates retention depends upon the 
amount of interference from previous 
learning. It is reasonable to expect, 
therefore, that the solution to the prob- 
lem will come via principles handling 
interference in general. I might also 
say that a theoretical solution to this 
problem will also provide a solution for 
Jost’s laws. 

Similarity. Amount of interference 
from other tasks is closely tied to simi- 
larity. This similarity must be con- 
ceived of as similarity among materials 
as such and also situational similarity 
(4). When we turn to similarity within 
a task, the situation is not quite so clear. 
Empirically and theoretically (8) one 
would expect that intratask similarity 
would be a very relevant variable in for- 
getting. As discussed elsewhere (31), 
however, variation in intratask similar- 
ity almost inevitably leads to variations 
in intertask similarity. We do know 
from a recent study (33) that with ma- 
terial of low meaningfulness forgetting 
is significantly greater with high intra- 
list similarity than with low. While the 
difference in magnitude is only about 8 
per cent, when we are trying to account 
for a total loss of 15 per cent, this 
amount becomes a major matter, 

Meaningfulness. The belief has long 
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been held that the more meaningful the 
material the better the retention—the 
less the forgetting. Osgood (21) has 
pointed out that if this is true it is dif- 
ficult for an interference theory to han- 
dle. So far as I know, the only direct 
test of the influence of this variable is a 
recent study in which retention of sylla- 
bles of 100 per cent association value was 
compared with that of zero association 
value (33). There was no difference in 
the recall of these syllables. Other less 
precise evidence would support this 
finding when comparisons are made 
among syllables, adjectives, and nouns, 
as plotted in Fig. 3. However, there is 
some evidence that materials of very 
low meaningfulness are forgotten more 
rapidly than nonsense syllables of zero 
association value. Consonant syllables, 
both serial (32) and paired associates 
(unpublished), show about 50 per cent 
loss over 24 hours. The study using 
serial lists was the one mentioned earlier 
as knowingly omitted from Fig. 3. 
These syllables, being extremely difficult 
to learn, allow a correction of about 20 
per cent due to criterion overestimation, 
but even with this much correction the 
forgetting (30 per cent) is still appreci- 
ably more than the estimate we have 
made for other materials. To invoke 
the interference theory to account for 
this discrepancy means that we must 
demonstrate how interference from other 
activities could be greater for these con- 
Sonant syllables than for nonsense syl- 
ables, nouns, adjectives, and other ma- 
terials, Our best guess at the present 
time is that the sequences of letters in 
consonant syllables are contrary to other 
Well-established language habits. That 
'S to say, letter sequences which com- 
monly occur in our language are largely 
ifferent from those in consonant sylla- 

€s. As a consequence, not only are 
; ese consonant syllables very difficult 
9 learn, but forgetting is accelerated by 
Proactive interference from previously 


well-learned letter sequences. If subse- 
quent research cannot demonstrate such 
a source of interference, or if some other 
source is not specified, an interference 
theory for this case will be in some 
trouble. 

Affectivity. Another task dimension 
which has received extensive attention is 
the affective tone of the material. I 
would also include here the studies at- 
taching unpleasant experiences to some 
items experimentally and not to others, 
and measuring retention of these two 
sets of items. Freud is to a large ex- 
tent responsible for these studies, but 
he cannot be held responsible for the 
malformed methodology which charac- 
terizes so many of them. What can one 
say by way of summarizing these stud- 
ies? The only conclusion that I can 
reach is a statistical one, namely, that 
the occasional positive result found 
among the scores of studies is about as 
frequent as one would expect by sam- 
pling error, using the 5 per cent level 
of confidence. Until a reliable body of 
facts is established for this variable and 
associated variables, no theoretical eval- 
uation is possible. 

Other variables. As I indicated 
earlier, I will not make an exhaustive 
survey of the variables which may 1n- 
fluence rate of forgetting. I have lim- 
ited myself to variables which have been 
rather extensively investigated, which 
have immediate relevance to the inter- 
ference theory, or for which reliable re- 
lationships are available. Nevertheless, 
I would like to mention briefly some of 
these other variables. There is the mat- 
ter of warm-up before recall; some in- 
vestigators find that this reduces forget- 
ting (12); others, under as nearly repli- 
cated conditions as is possible to obtain, 
do not (23). Some resolution must be 
found for these flat contradictions. It 
seems perfectly reasonable, however, 
that inadequate set or context differ- 
ences could reduce recall. Indeed, an 
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interference theory would predict this 
forgetting if the set or context stimuli 
are appreciably different from those pre- 
vailing at the time of learning. In our 
laboratory we try to reinstate the learn- 
ing set by careful instructions, and we 
simply do not find decrements that 
might be attributed to inadequate set. 
For example, in a recent study (33) 
subjects were given a 24-hour recall of 
a serial list after learning to one perfect 
trial. I think we would expect that the 
first item in the list would suffer the 
greatest decrement due to inadequate 
set, yet this item showed only .7 per cent 
loss. But let it be clear that when we 
are attempting to account for the 15 per 
cent loss over 24 hours, we should not 
overlook any possible source for this 
loss. 

Thus far I have not said anything 
about forgetting as a function of char- 
acteristics of the subject, that is, the 
personality or intellectual characteris- 
tics. As far as I have been able to de- 
termine, there is not a single valid study 
which shows that such variables have 
an appreciable influence on forgetting. 
Many studies have shown differences in 
learning as a function of these variables, 
but not differences in rate of forgetting. 
Surely there must be some such vari- 
ables. We do know that if subjects are 
severely insulted, made to feel stupid, 
or generally led to believe that they 
have no justification for continued ex- 
istence on the earth just before they 
are asked to recall, they will show losses 
(e.g., 25, 38), but even the influence of 
this kind of psychological beating is 
short lived. Somehow I have never felt 
that such findings need explanation by 
a theory used to explain the other facts 
of forgetting. : 

Concerning the causes of forgetting, 
let me sum up in a somewhat more dog- 
matic fashion than is probably justified. 
One of the assumptions of science is 
finite causality. Everything cannot in- 


fluence everything else. To me, the 
most important implication of the work 
on forgetting during the last ten years is 
that this work has markedly reduced the 
number of variables related to forget- 
ting. Correspondingly, I think the the- 
oretical problem has become simpler. It 
is my belief that we can narrow down 
the cause of forgetting to interference 
from previously learned habits, from 
habits being currently learned, and from 
habits we have yet to learn. The 
amount of this interference is primarily 
a function of similarity and associative 
strength, the latter being important be- 
cause it interacts with similarity. 


SUMMARY 


This paper deals with issues in the 
forgetting of rote-learned materials. An 
analysis of the current evidence suggests 
that the classical Ebbinghaus curve of 
forgetting is primarily a function of in- 
terference from materials learned previ- 
ously in the laboratory. When this 
source of interference is removed, for- 
getting decreases from about 75 per cent 
over 24 hours to about 25 per cent. 
This latter figure can be reduced by at 
least 10 per cent by other methodologi- 
cal considerations, leaving 15 per cent 
as an estimate of the forgetting over 24 
hours. This estimate will vary some- 
what as a function of intratask similar- 
ity, distributed practice, and with very 
low meaningful material. But the over- 
all evidence suggests that similarity with 
other material and situational similarity 
are by far the most critical factors in 
forgetting. Such evidence is consonant 
with a general interference theory, 2” 
though the details of such a theory wer® 
not presented here. 
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A CRITIQUE OF KOHLER’S THEORY OF ASSOCIATION 


LEO POSTMAN AND DONALD A. RILEY 


University of California 


In 1941 Köhler published a paper 
entitled, “On the nature of associations” 
(3). After restating the traditional op- 
position between association and organi- 
zation, Kohler presented what he con- 
sidered to be decisive experimental evi- 
dence in favor of a Gestalt theory of 
learning. Köhler’s findings do, indeed, 
appear to raise serious difficulties for 
association theory. We shall try to 
show that these difficulties are only ap- 
parent, and that the experimental facts 
can be fully understood in terms of 
principles of associative learning.’ 

Köhler’s theory of association. In his 
critical analysis of the process of associ- 
ation Köhler focuses on the “relation 
which the characteristics of one item 
bear to the characteristics of the other” 
(3, p. 490). According to Köhler, this 
relation is a matter of indifference for 
association theory. The formation of 
connections is a function of contiguity, 
regardless of the nature of the items. 
For Gestalt theory, on the other hand, 
the relation between the items is a cru- 
cial determinant of both learning and 
retention. The relation between the 
items is critical, since learning is Con- 
sidered to be a matter of perceptual 
organization. Perceptual organizations 
(“primary experiences”), in turn, are 
preserved in the nervous system as 
memory traces. If the perceptual ex- 
perience is “unitary” by virtue of the 
proximity or similarity of the compo- 


1 Professor Köhler reaffirmed the crucial sig- 
nificance which he attaches to his findings dur- 
ing his Hitchcock Lectures, delivered at the 
University of California, Berkeley, in the 
spring of 1955. It was because these studies 
Were again offered as decisive proof for his 
theory of association that our interest in this 
Problem was aroused. 
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nent parts, the corresponding memory 
trace has the same “unitary” character. 

Given these assumptions, the fact of 
association by contiguity can be re- 
interpreted as a special case of organi- 
zation. Suppose a unitary trace has 
been formed, and part of such a trace 
is reactivated at a later time. “Because 
of the unitary character of the trace, 
this excitation will spread more easily 
within the trace than to other regions 
of the tissue” (3, p. 493). Association, 
Köhler concluded, is “simply coherence 
within the unitary trace of a unitary 
experience.” Association by contiguity 
is, therefore, a secondary concept sub- 
sidiary to the more general concept of 
organization. 

Experimental evidence for Kéhler’s 
theory. This argument has a clear-cut 
empirical implication. Any principle of 
perceptual organization is necessarily 
also a principle of association. In his 
experiments Kohler chose the variable 
of similarity to demonstrate the validity 
of this implication. Similarity favors 
perceptual grouping, i.e., similar items 
tend to form unitary configurations. 
By the same token, similarity of cue 
and response should favor the formation 
of connections in paired-associate learn- 
What appears to be positive evi- 
dence for the hypothesis was obtained 
in a series of related experiments. 

In Kohler’s first study, two series of 
six pairs each were used: (a) a series of 
homogeneous pairs consisting of two 
pairs of nonsense syllables, two pairs of 
two-place numbers, and two pairs of 
nonsense figures; (b) a series of hetero- 
geneous pairs containing one of each 
of the six possible combinations of the 
three types of items. Two presentations 


ing. 
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of the series (apparently in a constant 
serial order for a given S) were followed 
by one test trial using the method of 
paired associates. All Ss learned both 
series, with the order of the two series 
counterbalanced. A substantially higher 
percentage of homogeneous than hetero- 
geneous items was recalled. The second 
experiment introduced two modifica- 
tions. First, the response items in the 
two series were identical, which they 
had not been in the first study. Second, 
independent groups learned the homoge- 
neous and heterogeneous series. Again, 
homogeneous items were recalled much 
better than heterogeneous items. The 
third experiment was designed to show 
that the critical variable was the simi- 
larity between the members of individ- 
ual pairs rather than the composition of 
the total series. Homogeneous and 
heterogeneous pairs were combined in 
one series. As before, recall was con- 
siderably higher for homogeneous than 
heterogeneous items. In the final ex- 
periment, homogeneity and heterogene- 
ity were defined in terms of the physical 
resemblance of the members of a pair. 
In the heterogeneous series, the cue and 
response members differed with respect 
to size and color; in the homogeneous 
series there were no such differences in 
physical appearance. Such “extrinsic” 
similarity of the items again favored 
recall, although the differences were 
smaller than in the earlier experiments 
in which the “intrinsic” similarity of 
the items was varied. 

Did Köhler test his own hypothesis? 
Köhler’s theoretical analysis, his deriva- 
tion of the empirical predictions, and his 
experimental treatment are all open to 
serious questions. The central point of 
Köhler’s position is the assumption of 
an isomorphic relation between percep- 
tual organization and memory trace. 
Throughout his analysis, Kohler equates 
the arousal of memory traces with the 
spread of excitation through “ganglionic 


tissue.’ There is no doubt, therefore, 
that a spatial correspondence between 
percept and memory trace is assumed. 
Serious difficulties arise in the applica- 
tion of this model of cortical projection 
to the dimensions of similarity manipu- 
lated in the experiments. 

In the first three experiments, cue- 
response pairs were considered “similar” 
or “homogeneous” if both members of 
a pair belonged to the same meaning 
class, i.e., syllables, numbers, or ge0- 
metric figures. Such classifications are 
arbitrary conventions. As geometric 
patterns, there are numbers which are 
more similar to some letters than they 
are to other numbers. Consider, for ex- 
ample, the number 0 (zero) and the 
letter O; or the number 1 (one) and 
the letter 7, Clearly, Köhler chose to 
define perceptual similarity in terms of 
the arbitrary, learned categories to 
which the individual items can be as- 
signed. Such a conception of similarity 
is not very different from Thorndike’s 
principle of ‘“‘belongingness,” which 
Kohler rejects as inadequate because it 
refers to arbitrary rather than intrinsic 
relationships among the stimuli. In 
practice, similarity for Köhler means, 
“this goes with that,” just as it did for 
Thorndike. In addition, Köhler is 
forced to assume that the cortical traces 
of items belonging to the same conven- 
tional class interact more readily in the 
“ganglionic tissue” than do the traces 
of physically similar items belonging to 
different arbitrary classes! Such neuro- 
logical speculations are highly implau- 
sible. We conclude that similarity de- 
fined in terms of class membership has 
no relevance to physiological hypotheses 
derived from the principle of isomor- 
phism. In using such a definition © 
similarity, Köhler failed to test his oW” 
hypothesis. 

Color and size, which were used tO 
define similarity in the fourth experi- 
ment, at first glance seem to be more 


KÖHLER’S THEORY OF ASSOCIATION 63 


plausible as determinants of cortical in- 
teraction than is membership in an ar- 
bitrary meaning class. Size at least is 
a physical characteristic to which the 
hypothesis of (spatial) isomorphism is 
directly relevant. There is no clear evi- 
dence for the cortical localization of 
color (4). What type of spatial differ- 
entiation among traces is to be assumed 
when stimuli vary in both size and color, 
as they did in Köhler’s experiment? 
There is no answer to this question 
based on physiological evidence, and 
Köhler’s theory is inevitably silent on 
this point. At best, then, the results of 
the experiment on physical similarity 
may provide indirect support for a 
vague physiological hypothesis. Since 
this experiment is the only one that may 
have some relevance to the theory, its 
reproducibility assumes critical impor- 
tance. 

Köhler’s analysis of association the- 
ory. Granted that Kohler largely failed 
to test his own hypothesis, what are the 
implications of his findings for associa- 
tion theory? The phrase “association 
theory” covers a multitude of theoretical 
Positions, but Köhler focuses his criti- 
cism on two points which he apparently 
considers common to all associationistic 
approaches. First, the relationship be- 
tween the stimulus and response items 
is a matter of indifference. Contiguity 
is the basic determinant of association. 
Second, Köhler suggests that associa- 
tion theorists agree on a physiological 
theory which is coordinate with the con- 
ception of association as an “indifferent 
bond.” According to Köhler, associ” 
tion theorists identify learning with 
changes in conductivity along “individ- 
ual nerve fibers” linking the central rep- 
resentations of S and R. In the light 
of his experimental findings, Köhler 
finds such a neurological theory grossly 
inadequate to account for the facts of 
learning. 


This physiological theory of associa- 


tion represents a straw man of the cri- 
tic’s own construction, or, at best, a con- 
fusion of outdated historical doctrine 
with current positions. It is true that 
Thorndike (e.g., 9) identified S-R con- 
nections with neural bonds, but such 
physiological speculations remained in- 
cidental to Thorndike’s main theoretical 
effort and did not exert any direct influ- 
ence on his experimental work. Beyond 
locating the mechanisms of association 
in the “life processes” of the neurons, 
Thorndike never offered detailed physio- 
logical explanations of specific experi- 
mental results. 

In any event, contemporary associa- 
tion theory is certainly not built upon 
Thorndikian neurology; in fact, it is 
usually not built on any neurology at 
all? The major constructs of modern 
learning theories, such as habit or ex- 
pectancy, are symbolic constructs with- 
out any specific physiological connota- 
tion. Both Hull and Guthrie have been 
prone to describe stimulus effects and 
responses in “quasi-physiological Jan- 
guage,” but have no specific physiologi- 
cal theory of association. Other associ- 
ation theorists bypass the problem of 
physiological translation even more com- 
pletely. There is no speculation con- 
cerning physiological processes in Tol- 
man or Skinner. Indeed, Skinner ex- 
plicitly rejects any recourse to neuro- 
logical hypotheses as premature and 
misleading (8, P- 193 f.). Certainly 
“functionalists” such as McGeoch never 
veered from the path of strictly behav- 
joral analysis (6). We do not know 
what association theorist was the tar- 
get of Kohler’s attack. The Thorndike 
of Animal Intelligence (1898)? The 
Thorndike of Human Learning (1931)? 


2The work of Hebb (2) is an important 
exception. His theory emphasizes complex in- 
teractions in the nervous system, and bears 
little resemblance to the type of physiological 
hypotheses that Köhler chose to ascribe to 
associationists. 
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Hull? Tolman? Skinner? McGeoch? 
Guthrie? The criticism is either out of 
date or does not apply. We conclude 
that Kéhler’s experiments have no bear- 
ing on the physiological hypotheses of 
associationism. It remains for us to 
examine the results in relation to asso- 
ciationist behavior theory. 

Perceptual similarity or generaliza- 
tion? Kohler suggests that there are no 
principles of association which can ac- 
count for his experimental results. The 
difficulty arises, however, from Kéhler’s 
formulation of the problem rather than 
from an inadequacy of associationistic 
principles of learning. Köhler chose to 
analyze the learning of a series of paired 
associates with exclusive reference to 
the properties of individual pairs. He 
makes this point quite explicitly when 
he says, “. . . our problem refers to in- 
dividual pairs and the degree of resem- 
blance between their members” (3, p. 
498). When the learning material con- 
sists of a set of items, any analysis 
which fails, as Köhler’s does, to take 
account of the characteristics of the set 
will be necessarily incomplete. The 
critical importance of intralist relation- 
ships has long been recognized. Gibson 
(1) has systematized the role of intra- 
list effects by an application of the 
principles of generalization and differ- 
entiation. Gibson’s thesis is that the 
course of learning is a function of the 
degree of generalization among the items 
to be learned. Generalization is, in 
turn, a function of similarity. To the 
extent that generalization favors incor- 
rect responses, i.e., when similar items 
require different responses, learning is 
delayed. To the extent that generaliza- 
tion favors correct responses, i.e., when 
similar items require the same response, 
learning is facilitated. It will be our 
contention that the advantage of homo- 

geneous over heterogeneous pairs is a 
function of intralist generalization. 

Let us turn first to Kohler’s two ex- 


periments in which Ss learned separate 
series of homogeneous and heterogene- 
ous pairs composed of nonsense sylla- 
bles, numbers, and geometric designs. 
We must consider not only the similar- 
ity between the two members of each 
pair but also the similarity among the 
cue items and among the response items. 
Both the cue items and the response 
items will be categorized by S as be- 
longing to three classes: syllables, num- 
bers, and designs. This grouping will 
be mediated by the differential responses 
which S is assumed to make to the indi- 
vidual items (5). These differential re- 
sponses include labeling or identification 
of the items as members of one of the 
three classes. By virtue of a common 
differential response, items belonging to 
the same class will be more similar to 
each other than they will be to members 
of other classes. 

Mediated stimulus generalization will 
occur primarily among similar items, 
i.e., items belonging to the same class. 
Thus, there will be more generalization 
between two syllable cues than there 
will be between a syllable cue and a 
number or design cue. When the pairs 
are homogeneous, similar cues will all 
require responses belonging to one class, 
e.g., all syllable cues will require syl- 
lable responses. Generalization will 
strengthen S’s tendency always to give 
a response belonging to the appropriate 
class. He then merely needs to differ- 
entiate between the items within a class. 
By contrast, when the pairs are hetero- 
geneous, similar cues require responses 
from two different classes. Generaliza- 
tion between cues will lead to responses 
from the incorrect class, e.g., responding 
to a syllable with a design when a num- 
ber is correct, etc. In order to learn the 
series of heterogeneous pairs, § must 
eliminate two types of errors: (a) giv- 
ing responses from the wrong class, and 
(b) confusion between the items within 
a given class. The S learning a homo- 
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geneous series has to overcome only the 
second type of error. Hence, homoge- 
neous pairs will be learned faster than 
heterogeneous pairs. The effects of 
generalization may also be described in 
somewhat different terms. When the 
series is homogeneous, generalization 
tendencies conform to an unequivocal 
rule of response selection (syllables go 
with syllables, numbers with numbers 
and designs with designs). When the 
series is heterogeneous, the rule is equiv- 
ocal. Responses may not come from the 
same class as the cue items, but they 
may come from one of two other classes. 
The more equivocal the rule, the more 
opportunity there is for intralist errors. 

Our argument may be supplemented 
by a more formal analysis of the as- 
sociative patterns established during the 
acquisition of homogeneous and hetero- 
geneous lists. Refer to Figure 1 (left) 
which presents the assumed pattern of 
associations for Köhler’s list of homo- 
geneous pairs. A differential response 
(r) is linked with each cue item (S). 
The performance of this differential re- 
sponse results in response-produced stim- 
ulation (s). Differential responses and 
response-produced stimuli are more sim- 
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ilar for members of the same class of 
items than they are for members of dif- 
ferent classes. Response items are simi- 
larly differentiated in terms of r-s pat- 
terns. In the course of learning, two 
types of associations are established: 
(a) “direct” associations between S and 
R, and (b) associations between S and 
R which are mediated by the difieren- 
tial response to cue items and response 
items, e.g., Ss, — fe, — Sz, — Trs — Sz: 
— R.,, where xı and xə are, say, two 
syllables forming a homogeneous pair. 
Generalized responses arise by virtue of 
similarities among the Ss as well as 
among the ss. The dashed arrows in 
Figure 1 indicate examples of generalized 
responses mediated by r-s sequences. 
Note also that the similarity between 
r-s sequences connected with response 
items within a given class will result in 
response generalization. It is clear that 
the generalized responses conform to a 
rule of response selection, and tend to 
restrict intralist errors to confusion of 
items within a class. Figure 1 (right) 
presents the pattern of associations for 
the heterogeneous list. Applying the 
same analysis as before, we find that 
generalization fails to follow an un- 
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equivocal rule of response selection and 
maximizes the opportunity for intralist 
errors, i.e., leads to errors both between 
classes and within classes. 

Finally, we must consider the effects 
of transfer of training, i.e., the influence 
of the response dispositions with which 
S enters into the experimental situation. 
Kohler anticipates that association the- 
orists would be inclined to argue that 
“syllables go with other syllables in 
speech, writing and reading, and that, 
similarly, numbers go with numbers in 
daily experience” (3, p. 499).° We 
agree. Köhler dismisses the importance 
of this fact primarily because “previous 
associations of this kind will constitute 
vague reproduction tendencies in many 
different directions” (3,p.499). Hence, 
there could be no positive transfer to 
the acquisition of specific homogeneous 
pairs; indeed, the transfer may be nega- 
tive. Here we disagree. We suggest 

that S’s previous experiences with se- 
quences of syllables, numbers, etc., will 
result in a significant bias for a rule of 
response selection, viz., the rule that 
like goes with like. In terms of the 
symbols of Figure 1, what will be signifi- 
cant is not the transfer of specific S-R 
linkages but rather linkages of the type, 
Se—>T2. There will be a generalized 
disposition to respond to syllables with 
syllables, to numbers with numbers, etc. 
When the series consists of homogeneous 
pairs, this disposition conforms to the 
rule of the series, and will favor correct 
performance. When the series consists 
of heterogeneous pairs, this disposition 
will delay the acquisition of correct re- 
sponses. Thus, transfer of training will 
serve to intensify the differences pro- 
duced by intralist effects and increase 


3 Köhler also suggests that no transfer could 
be assumed in the case of geometric designs. 
The reason for this statement is not clear. 
Abstract designs may be less frequent than 
syllables and numbers but are apt to be en- 
countered in groups or sequences. 
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the advantage of the homogeneous 
series. 

Let us now consider Kohler’s third 
experiment, in which homogeneous and 
heterogeneous pairs appeared in the 
same series. Only two types of items— 
syllables and designs—were used. There 
were four pairs: two homogeneous and 
two heterogeneous. The series does not 
obey a rule of response selection, i.e., 
intralist generalization does not favor 
the homogeneous pairs. The assump- 
tion of an initial response bias does, 
however, lead to the prediction that 
homogeneous pairs will be learned faster 
than heterogeneous pairs. In the case 
of homogeneous pairs, S can continue to 
apply the rule, and needs only to differ- 
entiate between the specific items in a 
given class. The heterogeneous pairs 
must, on the other hand, be learned in 
spite of the rule of response selection 
which S favors. 

Experimental implications of the as- 
sociationistic interpretation. So far, our 
reinterpretation of Köhler’s results may 
be considered ad hoc. Fortunately, it is 
possible to decide between his interpre- 
tation and ours by experimental tests. 
We have asserted that in KGhler’s ex- 
periments the operation of a rule of re- 
sponse selection favored homogeneous 
pairs over heterogeneous pairs. Köh- 
ler’s interpretation hinges on the simi- 
larity between the members of individual 
pairs. To decide between these alterna- 
tives, it is necessary to compare the ac- 
quisition of a homogeneous and hetero- 
geneous series when both obey a rule of 
response selection. This will be true 
when the series are composed of two 
rather than three classes of items. For 
the homogeneous series, the rule of re- 
sponse selection, then, is that like items 
always go together; for the heterogene- 
ous series, unlike items always go to- 
gether. In both cases the class member- 
ship of the stimulus fully predicts the 
class membership of the response. AC- 
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cording to Köhler’s hypothesis, the dif- 
ference in favor of homogeneous pairs 
should occur as clearly as in the earlier 
experiments. According to our hypothe- 
sis, the difference should be eliminated, 
except for the effects of initial response 
bias. The differential effects of initial 
bias should, however, be transitory, 
since the rule that like items go together 
would never lead to correct responses in 
the learning of the heterogeneous series. 
In addition, our analysis predicts, and 
Kihler’s does not, that Ss’ errors will 
reflect the rule of response selection. 
Our prediction follows directly from the 
generalization hypothesis. Köhler’s in- 
terpretation does not provide for sys- 
tematic variation in intralist errors as @ 
function of the characteristics of the se- 
ries, since his argument makes reference 
only to the composition of individual 
pairs. Our hypothesis implies, On the 
other hand, that the predominant type 
of error will vary directly with the rule 
of response selection. 

In the case of a series composed of 
both homogeneous and heterogeneous 
pairs, the assumption of an initial re- 
sponse bias leads to the prediction that 
the homogeneous pairs will be learned 
faster, Here our prediction agrees with 
Köhler’s. Again, however, our analysis 
can, and Kéhler’s cannot, generate a 
specific prediction concerning the dis- 
tribution of errors. Since S has an 10- 
itial disposition to link like items to- 
gether, the errors at the beginning of 
Practice should be predominantly mac 
cordance with this rule. As training 
continues, and heterogeneous pairs begin 
to be learned, the relative frequency of 
such errors should decrease steadily 
until the total list has been learned. 

Our reinterpretation of Kohler’s re- 
sults does not apply to his final experi- 
ment in which the physical resemblance 
of the members of the pairs was varied. 
As indicated earlier, the results of that 
experiment were much less clear-cut 


than those of the other studies. We 
doubted the reproducibility of these re- 
sults, and, as we shall see, our suspicions 
were confirmed. 

Since our main concern is with the 
theoretical issues, we have refrained 
from a detailed criticism of Köhler’s ex- 
perimental method. Some of the most 
serious difficulties must, however, be 
mentioned briefly. (a) A fixed number 
of three presentations was used. Since 
difficulty varied from series to series, it 
is probable that the performance of the 
various groups was measured at different 
stages of learning. (b) For a given S, 
the order of presentation appears to 
have been constant from trial to trial. 
This is a highly unusual procedure 
for an investigation of paired-associate 
learning. A fixed order of presentation 
leads to serial connections among Te- 
sponses. It then becomes impossible to 
say to what extent performance depends 
on cue-response linkages, and to what 
extent on response-response linkages. 
(c) The analysis fails to take account 
of Ss’ errors which offer important clues 
to the nature of the associations formed 
during training. The questions raised 
by Köhler’s analysis can be answered 
adequately only by charting the sys- 
tematic changes in S’s behavior through- 
out the course of learning to a criterion. 
In short, the experimental problem calls 
for use of the standard procedure of 
paired-associate learning (7, p. 15). 

Our own experiments were, therefore, 
designed to answer the following ques- 
tions under standard conditions of 
paired-associate Jearning: (4) Do series 
of homogeneous pairs and series of het- 
erogeneous pairs differ in speed of ac- 
quisition when both series obey a tule 
of response selection? (b) Is there a 
difference in speed of acquisition be- 
tween homogeneous and heterogeneous 
pairs within a single series? In both 
(a) and (b) the terms “homogeneous” 
and “heterogeneous” refer to the clas- 
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sification of items by meaning. (c) Are 
Kohler’s findings concerning the effects 
of the physical resemblance of items 
within pairs reproducible? (d) What 
light is thrown on the relative merits of 
Kohler’s theory and an associationistic 
interpretation by a detailed analysis of 
the course of acquisition and the dis- 
tribution of the errors? 

Experimental tests. We used the pro- 
cedure customary in the investigation of 
paired-associate learning. The cue- 
response pairs were presented on a Hull- 
type memory drum. The cue item was 
presented for two seconds, followed im- 
mediately by a two-second exposure of 
the complete pair. There was an in- 
terval of eight seconds between trials.’ 
After an initial reading of the list, the 
anticipation method was used to a cri- 
terion of one perfect recitation. Four 
different orders of the pairs were used 
in rotation. 

In Experiment I we compared learn- 
ing of a homogeneous list and a hetero- 
geneous one when both lists obey a rule 
of response selection. Therefore, only 
two types of items—syllables and num- 
bers—were used. The pool of learning 
items consisted of eight nonsense sylla- 
bles of 6.67 per cent to 40.00 per cent 
association value, and eight two-digit 
numbers. The homogeneous series con- 
sisted of four pairs of syllables and four 
pairs of numbers. The heterogeneous 
series consisted of four syllable-number 
pairs and four number-syllable pairs. 
Both the cue and response items were 
identical for the two series; the only 
difference between the homogeneous and 
heterogeneous lists was in the way the 
items were combined. Thirty-two Ss 
were used, 16 under each of the two 
conditions. 

The following categories were used in 


4 Köhler does not report the temporal inter- 
vals used in his experiments, so that we do not 
know whether our intervals are comparable to 
his. 


the analysis of Ss’ performance: (a) 
correct anticipations, (b) failures to re- 
spond, and (c) overt errors. Overt 
errors included intralist intrusions, re- 
sponses from outside the list, and in- 
complete responses. All overt errors 
were divided into two categories: like 
errors and unlike errors. A like error 
occurred when the incorrect response be- 
longed to the same class of items as the 
cue, i.e., an incorrect syllable response 
to a syllable cue or an incorrect number 
response to a number cue. An unlike 
error occurred when the incorrect re- 
sponse belonged to the class of items 
different from the cue, i.e., an incorrect 
syllable response to a number cue or an 
incorrect number response to a syllable 
cue. 

When the lists both conform to a rule 
of response selection, they are learned 
with equal speed. The mean number 
of trials to criterion was 23.88 for the 
homogeneous list, and 23.00 for the 
heterogeneous list. The slight superior- 
ity of the heterogeneous list (!) is, how- 
ever, not significant. For both lists, Ss’ 
responses conformed to the rule of re- 
sponse selection. Of a total of 807 overt 
errors made by Ss learning the homoge- 
neous list, only three were unlike errors. 
Similarly, of the 578 errors made by Ss 
learning the heterogeneous list, only 
eight were like errors. The two rules 
of response selection had, however, dif- 
ferent effects on the course of learning. 

Figure 2 shows Vincent curves for 
correct responses, failures to respond, 
and overt errors under the two condi- 
tions." Under the homogeneous condi- 
tion there are a larger number of cor- 
rect responses and a larger number of 


5For purposes of constructing Vincent 
curves, the total number of trials for each S 
was divided into five equal parts. The number 
of correct responses, failures, and overt errors 
per trial was then determined for each fifth. 
The means of these values are plotted in the 
figure. 
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A ae a the heterogene- 
i quently, there are 
also fewer failures to respond under the 
homogeneous condition. For each re- 
sponse classification, the mean differ- 
ence between the homogeneous and 
heterogeneous condition is significant at 
either the .05 or the .01 level. The two 
groups necessarily converge in all re- 
Spects as the criterion of perfect recita- 
tion is approached. 

If we were to measure correct re- 
Sponses at some arbitrary point early 
in learning, we would appear to obtain 
results similar to Köhler’s, i.e., better 
recall for the homogeneous pairs. It is 
now clear that to ascribe these results 
to the facilitating effect of perceptual 
organization on recall would be a mis- 
take, since Kéhler’s analysis cannot ac- 
count for the difference in errors be- 
tween the two conditions. The higher 
frequency of both correct and incorrect 
responses under the homogeneous con- 
dition readily falls into place on the as- 
sumption that Ss initially favor the rule 
of response selection appropriate to that 
condition. 

Experiment II c 
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arranged as to form four 
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homogeneous pairs consisted of sylla- 
bles, the other half consisted of numbers. 
Similarly, half the heterogeneous pairs 
consisted of syllable-number combina- 
tions, and the other half of number- 
syllable combinations. Sixteen Ss 
learned the list under the same condi- 
tions as. used in Experiment I. 

The mean number of trials to crite- 
rion was 23.81. The over-all speed of 
learning was, therefore, almost identical 
with that in Experiment I. Homogene- 
ous pairs were, however, learned much 
more rapidly than heterogeneous pairs. 
The mean number of trials required for 
correct anticipation of all homogeneous 
pairs in a single trial was 15.75. In the 
case of heterogeneous pairs, this crite- 
rion was reached after 22.81 trials. 
This difference is significant (p < Ol). 
Note that the number of trials to crite- 
rion for homogeneous and heterogeneous 
pairs is virtually identical when the two 
types of items appear in separate lists. 
When both appear in the same list, 
homogeneous pairs have a striking 
advantage. 

We have predicted speedier learning 
for homogeneous pairs on the assump- 
tion of an initial bias in favor of like 
responses. The existence of such a bias 
is clearly demonstrated in Table 1; 
which lists the mean number of like and 
unlike errors per trial for successive 
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Fic, 3. Vincent curves for correct responses, 
failures to respond and overt errors in Experi- 
ment II. 


fifths of the learning period. Like er- 
rors predominate, especially in the early 
stages of learning. While like errors de- 
cline steadily over successive fifths, un- 
like errors show only irregular varia- 
tions. Progress toward the criterion is 
signalled primarily by the elimination 
of the initially frequent like errors. 
Both the mean difference between like 
and unlike errors and the interaction 
between type of error and stage of 
learning are significant (p < .01). We 
should add that, throughout the course 
of learning, both types of errors are 
significantly more frequent for the het- 
erogeneous pairs than for the homoge- 
neous pairs. 

Figure 3 shows Vincent curves for the 
different classes of responses in Experi- 
ment II. As in Experiment I, we find 
a larger number of correct responses for 
homogeneous pairs. In contrast with 
Experiment I, we now find a greater 
frequency of overt errors as well as 
failures for heterogeneous pairs. For 
each response classification, the mean 
difference between homogeneous and 
heterogeneous pairs is significant (p < 
.01). As noted above, like errors pre- 
dominate for both types of pairs. Such 
errors continue to be given to the het- 
erogeneous pairs even after the homo- 
geneous pairs have reached a high level 
of learning. In short, the response bias 
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favors the learning of homogeneous 
pairs but produces a sustained high level 
of errors and slow learning for the het- 
erogeneous pairs. 

As predicted, the difference in favor 
of the homogeneous pairs is consider- 
ably enhanced when both types of items 
appear in the same list. The difference 
between the two experiments is easily 
explained on the assumption of an in- 
itial response bias. Köhler’s analysis 
could not have predicted the difference 
between Experiments I and II. In fact, 
his method of measurement—determina- 
tion of correct responses regardless of 
errors after an arbitrary number of 
trials—revealed no comparable differ- 
ences in his own study. 

In Experiment III we attempted to 
reproduce Köhler’s finding that pairs 
homogeneous in size and color are 
learned faster than pairs which are het- 
erogeneous in these respects. The list 
of cue-response pairs and the conditions 
of practice were exactly the same as in 
Experiment II. For one group of 16 Ss, 
the cue and response items were homo- 
geneous in size and color. For half the 
group, all items were large (54, in. high) 
and black; for the other half, all items 
were small (%6 in. high) and red. For 
another group of 16 Ss, the cue and re- 
sponse items were heterogeneous in size 
and color. For half the group, the cue 
items were large and black, and the re- 
sponse items were small and red; for 
the other half, the cue items were small 
and red and the response items were 
large and black. In the present experi- 
ment, therefore, homogeneity and heter- 
ogeneity refer to the size and color of 
the items rather than to their member- 
ship in conventional meaning classes. 

The mean number of trials to crite- 
rion was 26.75 for the homogeneous 
group, and 23.56 for the heterogeneous 
group. The difference in favor of the 
heterogeneous (1) group was not sig- 
nificant. Since Ss were not required tO 
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recall the size and color of the response 
items, an analysis in terms of like and 
unlike errors is impossible. Figure 4 
shows Vincent curves for the homogene- 
ous and heterogeneous conditions. The 
slight differences between the two groups 
in the number of correct responses and 
overt errors do not approach statistical 
significance. The mean number of fail- 
ures per trial is, however, significantly 
smaller (p < .05) for the heterogeneous 
condition. We have no adequate ex- 
planation for the slight superiority of 
the heterogeneous condition. One pos- 
sibility which we have considered is that 
the heterogeneous condition reduced Ss’ 
tendency to reproduce cue items instead 
of response items. ‘The frequency of 
such cue intrusions was small and vari- 
able. For what it is worth, a count of 
the cue intrusions shows some greater 
frequency for the homogeneous condi- 
tion, (55), than for the heterogeneous 
condition, (32). 

Thus, the results not only fail to 
support Köhler’s findings but tend to 
point in the opposite direction. The 
type of response bias which allowed us 
to account for the results of Experiments 
I and II could not operate in this situa- 
tion, since S’s responses were independ- 
ent of the properties of color and size. 
The failure to find a difference in favor 
of the homogeneous pairs is, therefore, 
consistent with our interpretation of the 
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earlier experiments. It is not consistent 
with KGhler’s perceptual hypothesis. 

Our experimental results fail to pro- 
vide any support for Köhler’s hypothe- 
sis. It is possible to account for all the 
findings in terms of principles of asso- 
ciative learning. These facts do not in 
themselves constitute a disproof of Köh- 
ler’s position, His hypothesis remains 
an hypothesis for which there is as yet 
no experimental evidence.° 

The weakness of perceptual analogies 
in the analysis of memory. The differ- 
ence between Kohler’s analysis and ours 
again brings to the fore an issue which 
has long divided Gestalt theorists and 
associationists: the relation between per- 
ception and memory. The Gestalt theo- 
rist is concerned with the effects of per- 
ception on memory. Primary perceptual 
experience leaves a pattern of traces; the 
arousal of these traces mediates recall. 
In the analysis of learning and retention 
the Gestalt theorist is thus forced to 
maintain a precarious distinction be- 
tween an initial experience (perception) 
and its later consequences (memory). 
It is difficult to specify where one ends 
and the other begins. Like the spurious 
present, the exact moment at which a 
primary perception changes into a mem- 
ory or a perception-plus-memory must, 
we suspect, elude even the most sophis- 
ticated phenomenologist. Yet, the Ges- 
taltist insists on looking for the influ- 
ences of primary perceptions on mem- 
ory. In his preoccupation with the per- 
sisting effects of phenomenal experience, 
he pays little attention, if any, to the 


considered an experiment 
briefly mentioned by Kéhler attempting to 
show that cues and responses that “fit to- 
gether” are learned better than those that do 
not. We have not felt it possible to deal with 
this problem, since the obvious difficulties in- 
volved in an independent definition of “fit- 
tingness,” as distinguished from familiarity, 
have not been resolved. Moreover, only a 
very sketchy account of the procedures and 


results is given. 


6We have not 
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conditions which influence S’s responses 
from which inferences about both per- 
ception and memory must be made. 
Kéhler’s failure to consider the errors 
as well as the correct responses in re- 
lation to the characteristics of the se- 
ties is an excellent case in point. Stim- 
uli, “experiences,” and “traces” cannot 
tell the whole story. There are always 
the responses that we must worry about. 
The association theorist does not draw 

a sharp conceptual distinction between 
the initial “perception” and the recall 
tested at a later time. Rather, he is 
concerned with the changing probabili- 
ties of different stimulus-response se- 
quences as a function of training. In 
paired-associate learning, for example, 
the correct response can be given ini- 
tially only when the response item is 
exposed in the window of the memory 
drum (“perception”). Gradually, the 
cue items come to elicit the correct re- 
sponses before the total pair has been 
exposed (“memory”). But the cue 
items also elicit incorrect responses 
(“memory?”). The changes in the 
probabilities of different responses vary 
systematically with the characteristics of 
the series and the conditions of practice. 
The difference between this formula- 
tion and that of the Gestaltist is not 
purely semantic. The emphasis on con- 
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ditions of responding (a) avoids the 
methodological impasse of distinguishing 
between primary perceptions and mem- 
ories, and (b) avoids a one-sided em- 
phasis on sensory input at the expense 
of a careful analysis of the learner’s 
behavior. 
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“Structuralism” and the Gestalt revo- 
lution. Before the turn of the century, 
the psychology of sensation and percep- 
tion enjoyed in “structuralism” a rela- 
tively unified approach. New data and 
interests soon forced the system apart 
at the seams; as to perception, the most 
important criticisms came from the 
Gestaltists. One main purpose of this 
symposium was to consider what areas 
of agreement could be found three dec- 
ades after the introduction of Gestalt- 
theorie. Discussion centered around 
two areas of research: perceptual change 
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sas; Julian Hochberg, Cornell University; 
Gunnar Johansson, University of Stockholm; 
George Klein, New York University; Ivo 
Kohler, University of Innsbruck; Robert B 
MacLeod, Cornell University; Wolfgang Metz- 
ger, University of Munster; T. A. Ryan, Cor- 
nell University; Hans Wallach, Swarthmore 
College. 

This symposium, held in June, 1954, was 
made possible by a National Science Founda- 
tion Grant, No attempt was made to preserve 
either the specific order of discussion, or the 
identity of the source of each opinion, though 
I have in a few instances jnserted names of 
contributors. Since such reworking tends to 
take the responsibility out of the hands of 
the other participants, I have endeavored to 
return it to them by circulating copies of the 
report for their comments, addenda, and post- 
mortem alterations, and to take account of 
their replies, where length permitted. 
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(or learning), and the perception of 
“events.” Let us review briefly what 
made these areas important to Gestalt 
theory. 

The “Constancy Hypothesis” and 
“Event Perception.” Structuralism 
tended to assume that: “. . . things look 
as they do because the proximal stimuli 
are what they are” (16, p. 80); and that 
«the result of a local stimulation 
is constant . . . that all locally stim- 
ulated excitations run their course with- 
out regard to other excitations” (16, 
pp. 96 £.)—the “Constancy Hypothe- 
esis.’ Any failure of this relationship 
was explained in terms of previous asso- 
ciations: “. . . things do not look as 
they ought to on the ground of pure 
perceived stimulation, and they differ 
from such an expectation by looking 
more like . . . the things with which we 
have real dealings. . - - in dealing with 
things we acquire experience about 
them, and this experience enters our 
whole perception” (16, pp. 84 f.). 

It is easy to embarrass the Con- 
stancy Hypothesis. We can obtain the 
same responses to different stimuli or 
different responses to the same stimuli, 
as in the phenomena of object con- 

the geometrical illusions, etc. 
Auditory stimuli affect visual ex- 
and vice versa (24); forms 
dentical when stimulating to- 


stancy, 
(16). 

perience, 
appear i 
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tally diverse elements,? yet are rendered 
unrecognizable without changing the 
elements (16). The Gestaltists held 
that the theoretical error lay in the 
choice of too-small units of analysis; 
this was to be avoided by a “naive” phe- 
nomenology as opposed to formalized 
analytic introspection. Moreover, the 
“elements” are not independent, and the 
“Jaws” of their interaction were to be 
understood in terms of a new and un- 
orthodox view of the underlying molar 
cerebral processes. 
The phi phenomenon is a good ex- 
ample here. The (illusory) apparent 
motion can be made as completely con- 
vincing as real motion; the explanation 
of perceived real motion as the tying 
together by association of successive 
sensations of position becomes question- 
able. The apparent motion is a uni- 
tary experience, and Wertheimer started 
the Gestalt search for “brain models” 
by postulating an equally unitary corti- 
cal process. Perhaps more important, 
when Korte (18) investigated the de- 
pendence of the phi phenomenon upon 
brightness, separation, etc., a new form 
of psychophysics began to emerge, in 
which the experience was a full event, 
rather than a fragmentary “sensation,” 
and in which the stimulus variables 
manipulated were not necessarily ones 
which seemed intuitively similar to, or 
attributively responsible for, the quality 
of the response. In general, Gestaltists 
hoped to restore stimulus-response cor- 
relations by treating entire configura- 
tions as the stimuli, and entire phe- 
nomenal events as the responses; in the 
process, the simple associational for- 
mulae of perceptional learning were dis- 
carded. Note that the Gestalt theorists 


2A recent experiment by Wallach and 
Austin (2) makes it necessary to qualify this 
statement, however, since it now appears that 
there is at least some dependence of form 
recognition on retinal locus of original presen- 
tation. 


were mot nativists in the traditional 
sense. They did not deny that learning 
affects perception. They denied only 
that all departures from the Constancy 
Hypothesis are to be explained in terms 
of past associations. 


ADAPTATION TO THE DISTURBANCE OF 
STIMULATION: PERCEPTUAL 
RELEARNING 


Up-Down Inversion 


The effects of natural visual dis- 
turbances (long-term cataracts, etc.) 
have been reviewed (11), and contribute 
to a modern version of the old nativist- 
empiricist controversy; despite the recog- 
nized importance of the Stratton experi- 
ment (27), however, few experiments 
have been performed with humans (6, 
27). In Erismann’s laboratory, differ- 
ent kinds of protracted disturbance are 
under investigation, and Ivo Kohler’s 
(cf. 17) findings are striking and im- 
portant. 

Let us survey the course of adapta- 
tion to visual disturbance, especially in 
inversion (in which up becomes down 
and vice versa). 

Stage 1. When disturbing spectacles 
are first put on, the world seems strange 
in various ways: faces look unfamiliar, 
walking people seem mechanical (the 
up-and-down component, normally not 
“seen,” becomes apparent), brightness 
contrast seems greater, colors more sat- 
urated. As head and eyes move, the 
normally stationary world swings about. 
The unfamiliarity of faces eventually 
wears off; in later stages, one can recog- 
nize features, etc., but even to the last, 
expressions cannot be discerned. The 
subject is almost incapacitated, with his 
motor actions appropriate at best to 2 
world which appears upside down. 

Stage 2. The subject can negotiate 
streets, can “fence” with the experi- 
menter, etc. However, we cannot aC- 
cept such task performance as the OP” 
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erational index of perception, or per- 
ceptual response (cf. 23), without 
residuum: despite such effective motor 
performance, the world remains phe- 
nomenally inverted! Perceptuo-motor 
adjustment, and phenomenal adapta- 
tion, run separate (but related) courses, 
and we cannot safely equate the two. 
Phenomenal invertedness first disap- 
pears for objects connected with the 
subject’s body-system, or with clear in- 
dications of gravity. An object grasped, 
a plumb line, a face with a cigarette be- 
tween its lips, with smoke ascending 
from the tip—these are seen as upright 
for a short time. 

The relationship between the phe- 
nomenal upright, obtained through 

adaptation” to an inverted stimulus, 
and the original phenomenal upright is 
by no means clear. Kohler reported 
that if a subject is shown two faces, one 
upside down (so that its retinal image 
is now, through the inverting spectacle, 
that which would without the spectacles 
have occurred from a face right side up) 
alongside an upright (and hence reti- 
nally inverted) face with a smoking 
cigarette between the lips, now both 
appear “upright”—but in different ways 
and in opposite directions! Kohler 
Plans to adapt only one eye to inverting 
prisms, to permit further investigation 
of this question. 

Stage 3. About a month later, the 
Perceived world is almost continuously 
congruent with geography and inde- 
Pendent head movements, even while 
the subject performs complicated be- 
havior (bicycling, etc.). A specific fa- 
miliar object (e.g, a given house) will 
appear unfamiliar when first viewed 
through the spectacles, even after other 
objects (e.g., other houses) have achieved 
familiarity through adaptation (Stage 
3). Objects familiarized only through 
the spectacles become unfamiliar when 
the spectacles are removed. Transfer 
is restricted both for visual and motor 


adaptation, and the -process is not in any 
sense a learning to “invert the whole 
stimulus field.” 

Stage 4. If the spectacles are now 
removed, the world appears inverted 
with normal stimulation. 


Form Distortions 


Adaptation to visual inversion may 
not be generalized, but adaptation to 
other disturbances may be. Wedge-de- 
forming prisms contract one side of the 
field horizontally and expand it verti- 
cally, as compared with the other; phe- 
nomenal adaptation eventually occurs 
and, with spectacles removed, the re- 
verse form distortion appears as an after- 
effect. Two classes of distortion effects 
appear: (a) general throughout the 
field, such as the curvature of lines; 
(b) conditional upon direction of gaze, 
such as the angles at which lines join. 

Adaptation to width distortions 
(measured by rotation of an additional 
prism to eliminate phenomenal distor- 
tion) was slowest and weakest. Then 
came adaptation for curves, then for 
angles (at the right stage a subject will 
correctly see a square as right-angled, 
but with curved sides—an example of 
the inconsistency apparently permissible 
in the docile geometry of the visual 
field), with adaptation to distortions of 
movement fastest and strongest. 

Tentatively, therefore, it appears that 
adaptation may be faster when apparent 
differences between disturbed and fa- 
miliar conditions are greater. Thus, 
adaptation is faster to up-down inver- 
sion than to right-left reversal, perhaps 
because our environment shows more 
bilateral symmetry around a vertical 
than a horizontal axis: gravity is a 


3 However, we cannot be sure from Kohler’s 
report that this necessarily involves any visual 
inconsistency; if, as was not ascertained, the 
subject sees the square as being on an ap- 
propriately curved surface (Ryan), no incon- 


sistency remains. 
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universal, whereas there are few com- 
parable universals in a left-right sense. 


Adaptation to Color-Fringes 
(Half Spectra) 


When viewed through prisms, each 
achromatic contour bears a fringe of 
color—a red-yellow half-spectrum to the 
left, blue to the right. This effect, also, 
is general, since the fringes appear 
everywhere in the field, independent of 
eye position. It is also diferential in 
that, for any contour, the fringe is red- 
yellow on one side, and blue on the 
other. 

After about a month, adaptation is 
complete: no more color-fringes are 
seen! When the spectacles are re- 
moved, every contour in the field now 
appears surrounded by a reversed color 
fringe, i.e., blue on the side to which the 
red-yellow previously appeared, and vice 
versa. If each eye adapts separately to 
opposite prismatic color fringes, each 
eye displays (in rivalry) its own after- 
effect. These data appear innocent 
enough, but are actually quite resistant 


to a satisfactory yet detailed explana- 
tion. 


Split-Field Chromatic Disturbances 


The differential effects were more 
strikingly isolated as follows. With the 
left half of each spectacle lens blue and 
the right half yellow, white objects at 
first appear blue when viewed to the 
left, and yellow when viewed to the 
right. The usual desaturation appears 
if the eyes are fixed to one side but, 
obviously, as soon as they move to the 
other side, the complementary color ap- 
pears. The astonishing fact is that, 
after protracted adaptation, eventual 
disappearance of all chroma occurs de- 
spite eye movement, in which the light 
at the fovea is at one time blue, at the 
next, yellow, and color is seen in neither 
case. With spectacles removed, the 
aftereffect is also conditional upon eye 


position: with the eyes left, the world 
appears yellow; with the eyes right, 
blue! Thus, both effects are tied to, 


and therefore phenomenally independent 
of, eye movement. 


Discussion of the Adaptation to 
Disturbed Stimulation 


Traditionally, for each sensation one 
could isolate one stimulus, and vice 
versa; perceptions entailed past associa- 
tions, “unnoticed sensations,” and “un- 
conscious inference.” The study of 
perception was possible only because, 
despite such associations, the underly- 
ing sensations remained tied to the stim- 
ulus and were rigorously investigable 
by the psychophysical methods. After 
Gestalt (and other) emphasis on the in- 
distinguishability of sensation and per- 
ception, at least three extreme alterna- 
tives remained open: 


1. To reconnect stimulus and per- 
cept by discovering the physiological 
mechanisms responsible for the (pre- 
sumably) “organizational” lack of cor- 
respondence (cf. 16, 30); this has not, 
thus far, proved very fruitful. 

2. To re-analyze the stimulus field 
in order to determine what aspects oF 
“higher order variables,” if any, are in 
correspondence with perceptual response 
(cf. Gibson, 9). This treats perception 
psychophysically as previously only 
sensation was investigated, and seeks tO 
restore a new version of the Constancy 
Hypothesis. 

3. To treat all stimulus-response re- 
lations as previously perception was in- 
vestigated, i.e., as so determined by the 
Organism’s past experience with an un- 
reliable environment that only the 1005- 
est, most statistical connection betwee? 
proximal stimulus and perceptual re- 
sponse can be expected. Kohler’s €% - 
periments constitute the greatest sY5 
tematic change of relationship betwee? 
stimulus and experience as yet reporte?, 


EFFECTS OF THE GESTALT REVOLUTION 77 


and are well suited for examination of 
this issue. 


Brunswik’s approach comes closest to 
the third position: the correspondence 
between the response and the physical 
(distal) stimulus must be imperfect. 
This ambiguity, supposedly inherent in 
the equivocal relationship between distal 
stimuli and the proximal stimuli (the 
cues) to which the organism can re- 
spond, means that each cue has only a 
limited probability of being “correct.” 
Thus, an ecological sampling reveals 
that the correlation is less than 0.6 be- 
tween the cue of vertical position and 
the distal stimulus distance, and less 
than 0.4 between the cue of “space fill- 
ing” (number of distinguishable inter- 
vening steps) and actual distance. An 
adjusted organism therefore must use 
many cues, weighting each according to 
its relative frequency (ecological valid- 
ity) by some process of probability 
learning, of which Brunswik postulates 
two varieties: (a) distribution learn- 
ing, and (b) correlation learning. Dis- 
tribution learning (e.g, that hanging 
objects are rare) is, very general, and, 
with enough reversals of cases, a “rev- 
olution” in such expectancies will occur. 
Correlation learning grasps concomit- 
ance, the reliability of any cue as 4 
correlate of the object. Perception is, 
to Brunswik, a reasoning-like (“ratio- 
morphic”) process, much faster to Te- 
spond than is reasoning, but slower to 
change what has been learned; it is a 
speeded up, conservative, stereotyping, 
reasoning-like function (3). 

i The distributional perceptual learn- 
ing provisions which are at the heart of 
this viewpoint may in principle accom- 
modate Kohler’s general findings, but 
they do not begin to explain the very 
singular specific data reported. Despite 
the apparent ease of the first Gestalt at- 
tack on the empiricist position, it is ex- 
tremely difficult to refute any general 


“explanation” couched in terms of past 
experience. Consequently, we must 
specify the relationship between past 
and present stimuli and percepts, or we 
have “explained” little more. by invok- 
ing “past experience” than by invoking 
“human nature.” A more specific at- 
tempt to account for the conditional 
effects through “conditioning” to the 
eye movements—or, more accurately, 
through extinction of previously condi- 
tioned responses (Drever),—did not 
seem very fruitful, although it may be 
possible to do more justice to findings 
with the greater number of assignable 
variables in the Hullian repertoire. 
Metzger proposed as a Gestalt theo- 
retical explanatory principle that as- 
pects of the visual world tend to become 
independent of behavior, classing Kohl- 
er’s results with the various perceptual 
constancies of size, motion, etc. (and 
explaining why reversed binocular dis- 
parity never adapted, since no added 
stability re the individual’s behavior 
would thus be gained). However, this 
fails to explain adaptation to the half- 
spectra, in which the viewer’s activity is 
hard to denote, and these phenomena 
seem at once the most general and the 
most puzzling. This proposal also 
leaves unexplained the fact that many 
aspects of the disturbance fail to reach 
complete adaptation, eg., curvature 
adaptation appears asymptotic at about 
one-third. Metzger suggested that the 
“stresses” toward straightening are not 
strong enough to overcome completely 
the curvature of the actual stimulus; 
however, as Wallach pointed out, if the 
“internal stresses” of “organization” 
are insufficient to straighten an extreme 
curvature, adaptation should go farther 
with weaker prisms; yet Kohler re- 
ported that after prisms of a given 
strength caused an asymptotic degree of 
distortion-adaptation, prisms of double 
that strength cause adaptation to start 
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again, with a new asymptote, still short 
of complete correction. : 
Why not, Gibson asked, from a posi- 
tion he had previously taken on the 
problem of curved line adaptation (8), 
suppose that the physical norm tends 
to become the phenomenal neutral 
point? Such norms must still be de- 
fined,t but the consensus appeared to 
be, at this point, that a process of “par- 
tialing out” norms does seem to be a 
general principle during adaptation: 
what is always present becomes “un- 
necessary” to perceive. The blue half- 
spectrum to the right is always present, 
and so becomes the chromatic norm, 
and white light, the previous norm, will 
appear yellow. The problems affecting 
the previous formulations seem less 
troublesome from this point of view, but 
before its utility can be evaluated, much 
more explication is necessary. 
Before we essay any conclusions, 
however, let us turn to the second gen- 
eral problem, that of event perception. 


Event PERCEPTION 


Recent advances have been made in 
three divergent salients—events involv- 
ing the motion of several parts (Johans- 
son, 15; Michotte, 22; Duncker, 5); 
the perception of social events (Heider 
and Simmel, 12); the kinetic depth ef- 
fect, ie., the depth perception conse- 
quent to sequential proximal stimula- 


4Such norms need not be defined simply by 
statistical analysis of the distal stimulus. The 
straight line among curved lines, the rectangle 
among acute and obtuse angles, etc, are 
norms in other than a frequency sense: they 
are neutral points in “opposition series” (cf. 
8), which run, say, from concave to the left 
to concave to the right, from obtuse to acute, 
etc. These are norms in a logical rather than 
an actuarial sense; a mathematical analysis of 
the visual world around us will be simpler, as 
Kohler puts it, if our reference tools are 
straight lines and right angles than if they 
are curves or obtuse or acute angles, so that 
the straight line and right angle would be 
analytic norms even if they never occurred in 
experience. 


tion from a rotating distal stimulus 
(Wallach and O’Connell, 29; Metzger, 
20). 


The General Problem 


We know that one can see motion 
when there is none on the retina. 
Johansson’s series of studies (15) per- 
mit some fairly definite psychophysical 
relationships to be laid down for the 
perception of motion. 

A horizontal row of four lights simul- 
taneously moving up and down with the 
same phase appears as one entity in mo- 
tion. With two pairs of lights 180° 
out of phase, “common fate” acts as a 
first, primitive law: those moving at the 
same time in the same direction appear 
as parts of one object. With more 
complex phase relations, those elements 
with the least phase difference form a 
group. Three-dimensional arrangements 
appear if they preserve a constant spa- 
tial distance between the elements in 
relative motion, picking out a constant 
shape in motion (cf. Metzger, 20, 21). 
When we depart from parallel harmonic 
motions to such motions at angles to 
each other (“Lissajous combinations”); 
the situation changes. With two mov- 
ing lights having Perpendicular paths, 
the same frequency, and phases such 
that they come to the point common to 
the two paths at the same time, they 
appear to move toward and away from 
each other along the sloping line join- 
ing their extreme Positions. In addition, 
there appears a slight motion of the 
Whole system in the perpendicular di- 
rection. If two points move in opposite 
directions with the same frequency in 
circular paths which, touching at one 
Point, approach each other, they fuse; 
and then retreat on a horizontal line; 
simultaneously, the path along which 
they travel moves up and down. ID 
short, the physical motion which is 
present in the stimulus appears to have 
disappeared without any trace in per 
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ception, while a movement is perceived 
which appears to have no simple coun- 
terpart in the stimulus. However, the 
perceived motions do correspond to com- 
ponent vectors into which the stimulus 
motions may be analyzed: “. .. the 
phenomenon can fittingly be described 
as motions relative to two different co- 
ordinate systems, one fixed, and the 
other moving, in accordance with the 
principles for relative motion” (15, 
p. 97). 

Thus, one can “extract” a given com- 
ponent from a complex motion and ob- 
tain the predicted “remainder.” For 
example, a simple straight-line harmonic 
motion may be analyzed into two har- 
monic motions of lower amplitude and 
a 45° phase difference. Consequently, 
if one point is given an harmonic mo- 
tion, and a second point is given the 
motion of one of its two components, 
the relative motion should be that of the 
remaining component; and in fact this 
is what is seen. One point moves back 
and forth, and the other moves back and 
forth with respect to it, like a planet 
rotating around its sun (in fact, al- 
though this can be seen as motion in 
a flat plane, many subjects see it in 
three dimensions, as an orbital motion). 

In general, a “figural hierarchy” of 
motion is perceived: first, a static back- 
ground; next, and in reference to this, 
the common motion; and highest, the 
components of motion relative to the 
common motion. If we have one point 
@ moving in a circular path, and the 
other b in a vertical path, point @ ap- 
pears to move toward and away from 
b in a horizontal path, while both a and 
b move up and down. With b removed, 
a is seen to move in a circle; with a 
removed, b is seen to move vertically. 
If we repeat the procedure, but with the 
vertical path of b shorter than the diam- 
eter of a’s circular path, both points 
a and b move vertically together, with 
a describing an ellipse, and the vertical 


component of a’s motion has lost the 
length of travel “used up” by b’s mo- 
tion. In general, of two motions which 
are the same in other respects, the mo- 
tion which has the shorter path or, more 
generally, the lower velocity, will de- 
termine the magnitude of motion of the 
combined system. It is this combined 
motion which forms the frame of refer- 
ence within which the remaining mo- 
tions occur. If two or more simultane- 
ous motions or components of motion, 
equal in magnitude and direction, are 
analyzable within the stimulus motion, 
these will be seen as a single motion. 
In general, Johansson states his find- 
ings as follows: In every case, if we 
abstract the motion components com- 
mon to all of the moving points (as a 
special case, the common motion may 
reduce to zero), the remaining compo- 
nents become the relative motion of the 
parts, while the common motion be- 
comes the motion of the whole relative 
to the stationary background. It is 
therefore always the shortest excursion 
which will determine the common mo- 


tion. 


Motion and Three-Dimensional Space: 
The Kinetic Depth Effect 


In many of Johansson’s experiments, 
the percept was three-dimensional, even 
though both proximal and distal stim- 
uli were two-dimensional. 

Just as we can study the psychophys- 
ical relationships in apparent motion 
without mecessary concern with onto- 
genetic or historical antecedents, so can 


the emergence of depth as an aspect 
studied in its 


of event perception be s 
own right. In fact, specific knowledge 


concerning perceptual learning begins 
to emerge from such study, to replace 
gross appeals to empiricism. 

Particularly informative here are the 
investigations of the “kinetic depth ef- 
fect” (29). Wallach was originally con- 
cerned with depth perception without 
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the “primary” depth cues (binocular 
disparity, etc.). In an at least partially 
empiristic view, one originally had 
“depth” experience only where there 
were such “cues” (making the case of 
monocular individuals awkward to ex- 
plain); in terms of the “spontaneous 
organization” of Gestalt-theorie, we are 
just lucky, phylogenetically speaking. 
However, as one walks around in the 
world of objects, the proximal stimuli 
projected by distal objects are pretty 
much those which would be cast by the 
axial rotation of those objects, and the 
rotation of most of the objects around 
us will yield three-dimensional experi- 
ence even when viewed monocularly. 
Can subjects (monocular or otherwise) 
“learn” from this kinetic effect, while in 
motion, the three-dimensional nature of 
a given object? (Remember also the 
importance of motion in the “relearn- 
ing” of space in Kohler’s findings.) 

Wire patterns were chosen whose pro- 
jections evoked two-dimensional re- 
sponses; these gave way to three-dimen- 
sional responses when the wire forms 
were rotated. After this experience with 
a given form, it would tend in the fu- 
ture to appear three-dimensional, even 
when stationary. (This is not simply 
knowledge that the given form is pro- 
jected by a three-dimensional object, 
since it displays unexpected and in- 
voluntary perspective reversal: what 
was near now looks far, with appropri- 
ate consequent size and shape “distor- 
tions.”) Wallach terms this a memory, 
rather than learning, since only a spe- 
cific “trace” is involved, and this is a 
long way from the creation of “trace 
complexes,” with high generality of 
function—e.g., size constancy, which 
cannot be referred to any single mem- 
ory trace. 

But why should the rotation of a 
form bring its projected shadow per- 
ceptually into three dimensions? 

The stationary two-dimensional pro- 


jection of any given object is ambigu- 
ous in that there is an exceedingly large 
number of three-dimensional objects 
which will produce that projection. The 
transformations undergone by the pro- 
jections as the objects rotate are unique, 
at least for many objects—but only if 
certain restrictive assumptions are made, 
e.g., that the projecting object must be 
a rigid form, etc. It is easy to say to 
this that, with the exception of animate 
creatures, most objects in our environ- 
ment ave rigid, and that this is simply 
a matter of distribution learning, in 
Brunswik’s sense. However, we do not 
yet have any estimate of the ecological 
distribution of rigidity; moreover, Jo- 
hansson finds with complex motions that 
rigidity is not always what is seen, even 
if the distal stimulus is really rigid (15)- 

Ambiguity (between distal and prox- 
imal stimuli) therefore must remain, but 
each successive momentary projection of 
the rotating object must, as Wallach 
points out, bring new information about 
it, and decrease the number of forms it 
may have and still give rise to the spe- 
cific projection series. This does not 
immediately solve the problem of 4 
working psychophysical correspondence, 
since any finite decrease of an infinite 
number of alternatives cannot do much 
toward specificity. However, if we note 
with Gibson that the transformation 
Sequence undergone by the projection 
becomes one piece of information i? 
the case of the usually “correct” pe! 
ception of the distal stimulus, and that 
this requires less information to be spe- 
cified than would that of describing 
each stage in the sequence separately— 
and if, as this writer has suggested else 
where (13), that perceptual respons? 
will tend to occur which is the most €©% 
nomical of information—then a form ° 
specificity returns to the stimulus-Pe” 
cept relationship. We must deal 20 
with unique relationships between dist# 
stimulus, proximal stimulus, and 1 
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sponse, but with relationships of vary- 
ing probabilities. In Brunswik’s terms, 
ecological validity and reliability may 
frequently be quite low. However, for 
most normal situations only one eco- 
logically probable distal stimulus can 
yield the given proximal stimulus—if 
we choose adequate higher-order varia- 
bles of stimulation for our analysis. 
Between proximal stimulus and percep- 
tual response, then, there may be or 
may not be ambiguity of relationship. 
Where ambiguity is low, there is no 
problem for psychophysics; where am- 
biguity is high, a more probabilistic psy- 
chophysical correspondence may be in 
order. 

A psychophysics without a punctate 
Constancy Hypothesis, and which em- 
ploys relatively large units of analysis 
and tolerates probability statements of 
psychophysical relationship, permits the 
study of events of much wider scope 
than those we have been considering. 
The study of what may be termed the 
psychophysics of perceived causation, by 
Michotte (22), is only one step up the 
ladder from the event perceptions of 
motion and depth toward the study of 
the perception of self and others (7, 
19, 25, 23). There is no intrinsic rea- 
son why such a “global psychophysics,” 
to use MacLeod’s term, cannot be ap- 
plied to the study of any phenomena in 
which discriminal responses are obtain- 
able. The utility of such research, of 
course, awaits empirical findings. 


The Perception of Social Events 


A start has been made in Heider’s 
Pioneer researches on the “social per- 
ception” of moving geometrical figures 
(cf. 12). We have seen that perceived 
motion might be more closely deter- 
mined by change of brightness than by 
actual motion; here, the Constancy Hy- 
pothesis suffers some further interdi- 
mensional fracturing: objective motion 


may serve as stimulus not for perceived 
motion, but for perceived purpose, life 
or animation. Under Kohler’s disturbed 
visual conditions, animate actions be- 
came mechanical motions; contrariwise, 
motion configurations may give rise to 
the perception of action and purpose, 
rather than of mechanical motion (15). 
Heider’s “animated cartoon” had a 
large triangle, a small triangle, and a 
small circle engage in some charmingly 
social peregrinations through the famil- 
iar “apparent motion” of stroboscopic 
presentation. Naive observers describ- 
ing what they had just seen differed as 
to content, but agreed as to the actions 
in many portions of the film. Is this 
film only a projective technique, only a 
focal point around which individual an- 
tecedent experiences determine the re- 
sponse? If so, can at least gross similar- 
ities of experience be assumed or estab- 
lished? Answers can only be obtained 
by psychophysical research. However, 
we can appeal to certain at least pe- 
ripherally relevant considerations. 
Klein reported that when Heider’s 
film is shown to psychotic patients 
(paranoid), the contents differ from 
those reported by normals, but the ac- 
tions seen are the same. Despite the 
probably very great differences from in- 
dividual to individual, certain stimulus 
variables seem important; many of us 
who watched Heider’s film felt that, in 
general, uniform motion was not a com- 
pelling stimulus for perceived action, de- 
pending more upon context for its an- 
imate qualities than did nonuniform 
motion. Johansson reported that rows 
of lights moving with simple phase rela- 
tions (say 180°) were described by sub- 
jects in terms of some moving mecha- 
nism; with more complex phase rela- 
tions (say 90°), the motion was that 
of a wave, snake, etc.; with still more 
complex phase relations (say 45°, 135°, 
and 45° between the lights), almost al- 
ways living motion. ‘Tentatively, then, 
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perhaps nonrigid, nonuniform motion is 
conducive to the perception of action. 


SUMMARY AND CONCLUSIONS 

Empiricism-Nativism 

Empiricist and nativist “explana- 
tions?” were essayed quite frequently 
throughout the discussion, and proved 
equally unedifying. What one par- 
ticipant considered stimulus-determined 
(and probably innate) another consid- 
ered at least partially “learned” (e.g., 
compare 14 and 28). One suspects that 
the issues of this traditional controversy 
have been reduced to specific questions 
of conditions and mechanisms which 
have to be settled by detailed investiga- 
tion. Perhaps this is due to the fact 
that (at least with humans) it appears 
possible to find an empiricist “explana- 
tion” for almost any perceptual phe- 
nomenon; however, without concrete 
knowledge about perceptual learning, 
such general accounts are quite useless, 
if well-nigh invulnerable. 


The Minimum Principle 


The most generally acceptable sum- 
ming up of Kohler’s results was as fol- 
lows: Two kinds of association between 
distal and/or proximal stimuli (includ- 
ing tactual-kinesthetic feedback stimula- 
tion) in our visual environment, can be 
at least roughly distinguished, namely 
invariable relations (7 œ 1.0) and con- 
tingent relations (r < 1.0). Where an 
invariable relationship occurs, instead 
of repeating it in each perceptual re- 
sponse, it becomes “partialled out” as 
norm, framework, or neutral point. As 
Kohler finally put it, it is as though the 
mathematical description of the world 
made by the organism takes the simplest 
possible form. 

In Johansson’s motion studies, those 
components in a complex moving stim- 
ulus which are common to all members 
of a group are “partialled out” and form 

a single framework in relation to which 


the residual motions appear. Such uni- 
fication achieves an “informational” 
economy since, for any given stimulus, 
the percept entailing the least number 
of changes is obtained. Objectively 
changing color or brightness tends to be 
perceived as appropriate changes in the 
motion of objects of unchanging color 
or brightness.* In general, wherever a 
response in terms of a single unchanging 
distal stimulus moving in depth would 
be more “economical” than one in terms 
of continually changing relationships in 
two dimensions, subjects will tend to 
report the three-dimensional alternative. 
Wallach has shown that this kinetic 
stimulus for depth can endow even mo- 
tionless projections of the distal stimulus 
with perceived depth, so that it seems 
likely that we have here one of the 
building-blocks by which perceptual 
space is achieved or modified by per- 
ceptual learning. 

With respect to the perception of so- 
cial events, little js yet known aside 
from the demonstration by Heider (and 
incidental observations by Michotte) 
that psychophysical study of such 
higher-order variables of stimulation 
seems both possible and fruitful. Heider 
feels that we cannot talk about those 


5 Johansson finds that if the brightness of 
two motionless spots is varied with the same 
frequency, but 180° out of phase, the percep- 
tual response quickly stabilizes as “a light of 
constant brightness moving back and forth 
behind the two Windows.” With a colored 
filter behind one window, a moving white 

. constant intensity js perceived to 
move with no alteration, and the window is 
Seen as colored. If color changes synchronize 
y changes, a light seems to 
forth behind the two win- 
changing colors as though a 
Were being raised and low- 
it seems preferable to see {WO 


travel back and 
dows, which are 
bicolored curtain 
ered. That is, 
such separate 


color changes. This appears to be quite gen- 
eral. Changes of stimulation which are ob- 
jectively changes along other dimensions— 
brightness, color, etc.—tend to be ascribed to 
changes in the dimension of spatial motion. 
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motions which are perceived as actions 
except in terms of short, readily re- 
membered concepts, and that the sim- 
plest action will determine the percep- 
tual response (cf. Brunswik’s “ratio- 
morphism”); thus, those motions most 
difficult to describe in simple mechanical 
terms appear most readily as actions. 


Residual Effects of the Gestalt 

Revolution 

After the elimination of those prin- 
ciples upon which agreement could not 
be reached, several important points 
remain. 

1. It is frequently useful to admit 
subjects’ statements as to what they see 
(“naive” phenomenal reports) as at 
least contributory evidence about the 
percept (e.g., consider the separate 
Courses taken by perceptuo-motor ad- 
aptation and phenomenal adaptation to 
visual disturbance). We cannot iden- 
tify percept with perceptuo-motor man- 
ifestations, despite recent trends to do 
So. This is not an epistemological issue, 
but simply one of methodology. 

2. Attention should be focused on 
higher-order variables of stimulation. 
The attempt to return to the restricted 
(and once presumably physiologically 
identifiable) “atomistic” units of pre- 
Gestalt days seems hopeless. Whatever 
Measurable aspects of stimulation over 
Space and time may be extracted and 
brought into correspondence with ab- 
Stractable dimensions of response now 
Constitute fair game for the investigator 
of perception. 

3. Of all of the positive Gestalt for- 
Mulations which sought to replace the 
Constancy Hypothesis, the principle of 
“simplicity” or “maximum homogeneity 
as proved most general. It seems as 
quantifiable in terms of the objective 
Stimulus as most of the others, and DE 
SO than some, such as the “law À; of 
Prägnanz. Since existing physiological 
models fail to explicate the “Jaws” of 
Sensory cortical organization to any Use- 


ful extent, the necessity for predicting 
response from stimulus characteristics 
has become progressively more urgent. 
The precise form of the statement and 
the unequivocality of the minimum 
principle varied with the discussants 
but, in one form or another, it was held 
by all present. What to me is its most 
promising approximation to date—the 
formulation that, other things equal, 
that perceptual response to a stimulus 
will be obtained which requires the least 
amount of information to specify (1, 
13)—obtained agreement among Heider, 
Gibson, Kohler, Metzger, Johansson, 
and myself. Some differences existed as 
to whether or not this tendency is itself 
likely to be learned, or how precisely it 
should be formalized; at its simplest, it 
could be described as a “laziness of the 
perceptual imagination” (cf. Wheeler’s 
“law of least action,” etc.). 

Several areas stand out as important 
for future investigation. 

1. The problem of perceptual learn- 
ing remains very poorly understood or 
formulated, and yet is an extremely 
critical area (cf. 10). 

2. The perception of space, depth, 
and distance is frequently treated in the 
textbooks as a solved problem. Despite 
the fact that some restricted areas of 
precise and applicable knowledge exist, 
however, the basic problems in this area 
are completely unsolved, and we must 
launch a fresh attack on what is his- 
torically one of the oldest of the sys- 
tematic problems of psychology. 

3. The perception of physical and so- 
cial events is an area of great promise 
not only for the field of perception but 
for potential application within and 
without psychology. However, it must 
be confessed that—aside from a very 
few pioneer studies in event perception, 
facial expression of emotions, the so- 
called “physiognomic perceptions,” and 
some specific esthetic and artistic in- 
vestigations (e.g. 4, 12, 25)—we know 
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little more about the general area than 
that fruitful research seems possible. 

4. The study of the results of pro- 
longed visual disturbance is critically 
important in the understanding of the 

eptual process. 

ae The ian principle (the “prin- 
ciple,” in the traditional sense, which 
met with most general agreement) re- 
quires more concrete and self-conscious 
research tests, to determine precise ap- 
plicability and limits, and to avoid what 
Wallach and Johansson see as a poten- 
tial unwarranted elevation to a meta- 
physical dictum. 
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THE ROLE OF PRIMARY DRIVE REDUCTION IN FIXATIONS? 


ROBERT S. FELDMAN 
University of Massachusetts 


Maier and his students have demon- 
strated that subjecting rats to insoluble 
situations on a Lashley jumping stand 
leads to behavior rigidity, and that this 
rigidity, characterized by fixations, per- 
sists even when more adaptive responses 
are available to the animal (4). More- 
over, the fact that animals that have 
been in insoluble problem situations 
form a bimodal distribution of learning 
measures during a subsequent soluble 
problem led Maier (5) to propose that 
when conflict occurs it leads to behavior 
that is compulsive in character, in that 
it is not influenced by consequences such 
as selective reward and punishment. 
Others, however, feel that Maier’s evi- 
dence can or should be incorporated 
within a rubric of motivational and 
learning laws and hypotheses. For ex- 
ample, Mowrer (10) has suggested that 
the reinforcing effect of anxiety reduc- 
tion is the key idea, while Miller (9) 
holds that the motivational force of an 
acquired drive of fear accounts for the 
compulsive persistence characteristic of 
behavior associated with trauma of one 
sort or another. These points of view 
were subsequently discussed by Maier 
and Ellen (6) who found them inade- 
quate to account for all of their evidence 
relating to fixations. 

This paper deals primarily with an- 
other attempt made by Wolpe (12) to 
account for Maier’s evidence in terms of 
learning principles. Referring to Maier 
and Ellen’s criticism of the anxiety-re- 
duction explanation, Wolpe states: 


There is little doubt that the experimental 
facts they [Maier and Ellen] give do invali- 


1 This research was supported by a research 
grant (MH-376) from the National Institute 
of Mental Health, National Institutes of 
Health, United States Public Health Service. 
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date the anxiety-reduction hypothesis. But 
. . . the same facts are quite in keeping with 
the differently formulated hypothesis. . . . 
Each time a jump is forced by the air-blast, 
it is reinforced by reduction of the air-blast- 
induced drive. This is a primary drive, and 
its reduction is clearly overwhelmingly re- 
sponsible for the reinforcement; for the plat- 
form situation is at no stage conditioned to a 
sufficient level of secondary drive to be able 
to impel jumping in the absence of the air- 
blast. When jumping in a particular way has 
thus been repeatedly reinforced, it becomes 
firmly established as the habitual response to 
the air-blast stimulus, and the more firmly 
it is established, the weaker does the compet- 
ing alternative response tendency become (12, 
p. 114). 

Familiarity with Maier’s data sug- 
gests that this hypothesis can be ques- 
tioned on two counts. First is Wolpe’s 
statement that “the platform situation 
is at no stage conditioned to a sufficient 
level of secondary drive to be able to 
impel jumping in the absence of the air- 
blast.” This statement seems to say 
that every response is caused by air 
blast, but this is not true at all. As a 
matter of fact, after a few days of con- 
flict trials, very few trials require the 
application of air blasts or shocks to 
force a response in an insoluble or solu- 
ble problem situation. But this is a 
minor point. The more important point 
is that Wolpe held that the reason the 
rats do not give up their fixated re- 
sponses for adaptive responses is that 
the stimulus to jumping is the air blast 
and not the stimulus cards. If it is 
true that air blast is an important varia- 
ble in fixations, a simple way to find 
support for this possibility would be to 
compute both the number of times a rat 
was given air blast and the total dura- 
tion of air blast during frustration trials, 
and compare these scores with some in- 


dicator of response strength. 
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In an experiment by Maier and Feld- 
man (8) three split-litter groups of rats 
were placed in a frustrating, insoluble- 
discrimination problem for different 
numbers of trials: one group for 80 
trials, a second for 160 trials, and the 
third for 240 trials. All rats received 
10 trials per day, and were driven by 
air blast if they failed to make a re- 
sponse within 30 seconds. This proce- 
dure generally led to persistent position 
responses, but if a rat developed a pref- 
erence for one of the cards it was dis- 
carded, since only position-responding 
animals were desired for the experiment. 
As controls, three other groups were 
trained to form position responses by 
locking the window in one position 100 
per cent of the time and unlocking the 
opposite window; one group practiced 
the response for 80 trials, the second for 
160, and the third for 240 trials. The 
strength of the position response for all 
rats was then measured for its resistance 
to extinction when the problem was 
changed to require the learning of a 
card discrimination in the same ap- 
paratus. During this stage the experi- 
menter forced the rats to respond to 
the correct window on trials alternated 
with free trials by placing his hand 
alongside the rat and nudging it toward 
the correct window. This technique in- 
sured that all rats would eventually 
abandon the position responses and 
learn the discrimination. 

The measure indicating that the posi- 
tion response had been abandoned was 
the number of that trial during which 
the rat first makes a response different 
from its position response during a free 
trial. This number is designated as a 
breaking score. The results showed that 
the three control groups which had been 
trained to form the position responses 
gave up the position responses and 
adopted the card responses at the same 
rate. Thus, the duration of the practice 

period was not a significant variable. 
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The three experimental groups, however, 
gave up their frustration-instigated posi- 
tion responses after many more trials 
than it took for the controls; the critical 
ratio of the difference was in excess of 
six. On the other hand, the mean learn- 
ing scores, i.e., scores indicating that 
the discrimination had been mastered, 
did not vary significantly for any of the 
groups, experimental or control. 

It was seen from these results that 
the conflict groups were different from 
the trained groups in that the number 
of trials necessary for abandoning the 
position response was greater when it 
was acquired during frustration than 
when it was learned under conditions of 
motivation. Also, since the mean learn- 
ing scores were approximately the same 
for all conflict and all motivated groups, 
it is easily deduced that the conflict 
groups needed significantly fewer addi- 
tional trials after breaking to reach the 
learning criterion than did the motivated 
groups. This result suggested that 
learning took place in the discrimina- 
tion problem for the conflict animals 
while they still expressed the position 
response, but that the old position 
stereotype ? was too strong to permit 
the newly acquired response to come 
into expression. 

Since the foregoing analysis assumed 
that the strength of a stereotype could 
be measured by the number of trials 
needed to break it, Wolpe’s hypothesis 
would also be supported if there was & 
positive relationship between air-blast 
scores and breaking and learning scores- 
Therefore, product-moment correlations 
were computed between air-blast scores 
(the number of trials during the train- 
ing and conflict stages during which SS 


2 Attention is called to the distinction be- 
tween a stereotype and a fixation, A stereo- 
type is a consistent response to a position of 
to one of the windows during an insoluble 
problem situation. A fixation is a consistent 
response to a position or window when 4 
more adaptive response is available. 
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TABLE 1 


CORRELATED 
CORRELATED 


BLASTS 
Am BLAST 


NUMBER OF AIR 
DURATION OF 


TOTAL 


witit LEARNING 


AND BREAKING SCORES, AND TOTAL 


WITH LEARNING AND BREAKING SCORES 


Trials with Air Blast 


Trials with 
Vs 


Air Blast Duration of Air Blast Duration of Air Blast 
vs. vs. 
Learning Scores Breaking Scores 


Group N k 4 

Learning Scores Breaking Scores 
8-day 37 —.23 (.14)* 32 (11) —.07 (.15) —.12 (.18) 
16-day 37 .005 (17) 16 (14) 28 (02) = 07 CN 
24-day 37 13 (.16) 12 (.16) Ae) (416) 19 (46) 


* The standard errors of the correl 


received air blast) and learning scores, 
and between air-blast scores and bre 
ing scores. Also, correlations were com- 
total air-blast duration as 


TEOR hee the hypothesis that air 
thi e to conflict-induced stereotypes: 
is analysis was confined to the experi- 
The correlations wit 


their standard 
1. It is seen that 
the coefficients are of low 
highest one being .32 
reliabilities are also low 

indicate that there can be 
prediction as to the persisten 
flict-induced stereotype from t 


to air blast, 

of air blast. Since these results may Te 
flect the possibility that rigid 2 idan 
reactions to air ere esta 
after few trials and that the p 
of these reactions reached 
levels after few more, 
8-day group might be SC 
closely. The animals in 
ceived the least amount 
thus minimizing ossib! 
rapid and strong avoidance C° 
had occurred. i 
in support of 
be found, the 

would be most likely 

the 8-day group’s relati 
coefficient of .32, e 
between the number of trials 
blast and breaking scores, Í 


lations are in parentheses. 


blast was use 
explore fully the possibility that fixated 


responses are conditioned avoidance re- 

sponses, comparisons were made between 

of rats that fixated responses and 
i in terms i 


accompamle the 
riod when the responses were initially 
establishe 

nas Neet and Feldman 


d1); were 

a umping stand 

to an insoluble problem for 
ring & 40-trial training 

Ss that 


soluble 
Testing continued 


more than one error 


fixated responses. 
a series of 10 or 2 
no reciable effect on 
sated response. 
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i ree successive days of testing, or 
hee had a total of 200 test trials. 
The results showed that only 12 rats 
were able to abandon the conflict-in- 
duced stereotypes and meet the learning 
criterion within a limit of 200 trials. 
The mean number of trials that were ac- 
companied by shock during the training 
and insoluble problem stages was com- 
puted for the Ss that solved the subse- 
quent soluble problem and for those 
that did not within the 200-trial limit. 
It was found that the solvers received 
grid shock during a mean of 66.2 trials 
and the nonsolvers during a mean of 
41.2 trials. This difference was signif- 
icant (p = .05), but the difference was 
in the opposite direction to that de- 
manded by Wolpe’s hypothesis, that is 
to say, the Ss that received more shock 
had weaker stereotypes, judging at least 
by their ability to alter them. 
The foregoing analysis points to the 
difficulty of relating the rigidity and 
the persistence of fixations to what ap- 
pear to be obvious primary or secondary 
reinforcers within the insoluble problem 
situation described by Maier. It will 
be recalled that Wolpe argued quite 
specifically that the frequency of appli- 
cation of the driving stimulus (in his 
case, air blast) is related to the strength 
of the response, He stated, “Increased 
air-blast means increased drive with con- 
sequent greater drive reduction” (12, 
P. 114). Yet in our analysis of air blast 
and grid shock this relation does not 
hold at all, if one interprets “ 
drive reduction” as being the Primary 


Other studies 


of specifying cues and reinforcers that 
relate to fixations. 


shown that the tendency to fixate re- 


cues that seem to direct them, e.g., on 
a Lashley jumping stand, when rats had 
fixated jumping responses to one of the 
cards and when on alternate trials they 
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were permitted to walk along runways 
to the windows, some of them would de- 
velop walking fixations to a position. 
Other rats fixated position responses on 
jumping trials and card responses on 
walking trials, and a group of rats that 
were given alternate jumping and walk- 
ing trials during a solvable discrimina- 
tion problem learned to walk to the cor- 
rect window but persisted in a jumping 
fixation for a total of 200 trials. Feld. 
man (2) has also shown that even when 
Practice for a stereotyped response is 
controlled, by forcing rats to make 
every possible type of response in an 
insoluble problem situation an equal 
number of times, fixations still develop 
in subsequent discrimination problems. 
Maier and Ellen (7) recently demon- 
strated that more stereotyped responses 
induced by 50 per cent random reward 
and punishment were abandoned, and 
fewer fixations occurred, during a subse- 
quent soluble problem when the correct 
card appeared on the fixated side 50 per 
cent of the time than when it appeared 


on that side 80 per cent of the time, even 
though the latter reward schedule should 
be e reinforcing and contribute to 
more learning 

Finally, consideration is directed to 
the common-sense argument that the rat 
in the insoluble problem situation has 
simply learned that a response to a 
Position is as good as any other response, 
even though it is rewarded only 50 per 
cent of the time; and that if the re- 


ith anticipation of fail- 
ure by hitting window with the 
shoulder instead of e, punishment 
can be minimized. The guest fur- 
ther Supposes that during the subse- 
quent soluble-discrimination problem the 
Position Stereotype persists, and that 
the rat never tries the opposite side be- 
Cause that side is more likely to be more 
Punishing since the rat has not learned 
to avoid bumping its nose on that side. 

This explanation essentially suggests 
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primary reinforcing mechanisms to ac- 
count for behavior rigidity, but there 
are two shortcomings in this approach. 
First, one cannot account for fixations 
to one of the cards on this basis, since 
rats jump left and right with equal facil- 
ity, but always to the incorrect card. 
It is emphasized that in our experi- 
ments, because of barriers adjacent to 
the windows, rats with card fixations 
cannot jump so abortively as to miss 
the card altogether; thus they “try” 
and fail on every trial. It would make 
no sense, therefore, to say that these 
rats have a response that is less punish- 
ing because it is the most punishing, yet 
rats with a history of conflict trials usu- 
ally do not attempt any other response. 

Second, the foregoing explanation 
fails to account for the manifest difier- 
ence between rats that acquire a conflict- 
induced position response and those 
that learn a position response by being 
rewarded on one side and punished on 
the other in a consistent fashion. In 
the latter case, rats learn to make the 
best response during position learning, 
but readily abandon it when cha ged 
conditions call for a response to one of 
the cards; the first solution has not pre- 
cluded the second. If it is assumed that 
during the insoluble problem b? posi- 
tion stereotype is the best adjustment 
possible, it is not clear why in this case 
this solution renders the animal inca- 
pable of solving subsequent) problems. 


The data of two experiments are re- 
analyzed to find support for Wolpe’s 
contention that fixations are the conse- 
quence of primary drive reduction. In 
one experiment, using the Lashley Jump- 
ing-stand technique, three groups of rats 
were submitted to an insoluble problem 
situation for 8, 16, and 24 days, respec- 
tively. The Ss were then given a soluble 
discriminatian problem in which they 


were forced to respond to the correct 
window on every other trial. During 
all procedures, the rats were motivated 
to respond by applying air blast if they 
hesitated for more than 30 seconds dur- 
ing any trial. Product-moment correla- 
tions were computed for the relationship 
between air-blast variables (number of 
conflict trials accompanied by air blast, 
and total durations of air blast), and 
criteria for abandoning the conflict-in- 
duced stereotypes and learning the dis- 
crimination problem. There was no cor- 
relation of sufficient magnitude to per- 
mit a prediction of the strength of the 
conflict-induced response from the 
amount of air blast. In a second ex- 
periment, a group of 72 rats was sub- 
mitted to an insoluble problem as in 
the first experiment. Only 12 rats were 
able to solve a subsequent soluble prob- 
lem. During all procedures, rats were 
motivated to respond by grid shock if 
they hesitated for more than 30 seconds 
on the jumping platform. Comparing 
the frequency of shock between the Ss 
that abandoned the conflict-induced 
stereotype and solved the proble 
those that failed, it wa: that the 
rats that solved Significantly more 
shock during the conflict trials. These 
results were considered as failing to sup- 
port the notion that fixations are the 
consequence of the reduction of drive 
induced by air blast (or shock). 
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University of Michigan 


A class of behaviors apparently not 
motivated by the commonly accepted 
homeostatic drives, nor by learned ac- 
cretions to these drives, has come under 
considerable experimental investigation 
in recent years. Such behavior has been 
variously labeled exploration, manipula- 
tion, or curiosity. Various labels have 
been applied to the conditions for arousal 
of this behavior, chief among them 
novelty and complexity. While this be- 
havior has been discussed at length by 
Nissen (16) and Harlow (8), there is 
available as yet no comprehensive the- 
ory to account for it. Hebb’s “short- 
circuiting” (9) has been offered as an 
explanatory concept at the neurophysio- 
logical level. It is our purpose in this 
Paper to suggest a psychological struc- 
ture into which such behavior and the 
Conditions of its arousal might fit. 


CHARACTERISTICS OF THE BEHAVIOR 

In any attempt at classification of 
events there are two dangers: (2) the 
inclusion in the same category of events 
which only superficially belong together, 
and (b) categorization as different 
events those which are only superficially 
dissimilar. In this paper we are more 
likely to be guilty of the first error. 

We would assert that those behaviors 
labeled “exploration,” “curiosity,” etc., 
belong to the general class of behavior, 
attention, Functionally, this behavior 
brings the organism into contact with 
Certain portions of its environment 
rather than others. Such behavior dif- 
fers from attention of the textbook 
Variety only in the degree of locomotor 
involvement. One may attend to a 
Oud noise without very gross motor ad- 
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justments, whereas a rat, to make con- 
tact with the end box of a T maze, or- 
dinarily must get there on its own four 
feet. 

This point of view enables us to con- 
sider in a single system such diverse 
phenomena as binocular rivalry, manip- 
ulatory behavior of the monkey, ex- 
ploratory activity of a rat in a maze, 
and certain aspects of the aesthetic and 
intellectual behavior of human beings. 
An obvious advantage of this scheme is 
that it affords a multitude of situations 
for inducing and testing hypotheses, 
and a truly comparative approach. 

In what follows we shall label as at- 
tention the behavior under considera- 
tion, and mean by it any behavior, mo- 
tor or perceptual, which has as its end- 
state contact between the organism and 
selected portions of its environment. 
Our major problem is to specify the 
conditions of organism-environment in- 
teraction that determine what gets se- 
lected. Those stimuli which are the ob- 
jects of attention we label goal stimuli. 
We would distinguish goal stimuli from 
means-end stimuli: the latter represent 
the routes by which goal stimuli are at- 
tained. It is with respect to the \selec- 
tion of means-end stimuli that game 
theory and decision theory are con- 
cerned. Our primary concern p. with 
the selection of goal stimuli. 


Tur AROUSAL OF ATTENTION 


In this section we shall discuss two 
experimental techniques that have been 
found successful in arousing attention. 
We shall argue that common to these 
distinct techniques is the production of 
change, whose relation to attention was 


early recognized by Pillsbury (17). 
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Temporal Change in Stimulation 

There are many experiments which 
utilize a temporal change in stimulation 
to arouse attention. Illustrative of these 
is an experiment by Dember (6). Rats 
on Trial 1 were allowed to see into the 
two arms of a T maze but were pre- 
vented by means of glass partitions from 
entering either arm. During the 10- 
minute exposure period one arm was 
black, the other white. The animals 
were removed from the maze, the parti- 
tions removed, and one arm was changed 
so that both arms were either white or 
black. The rats on Trial 2 were rein- 
troduced into the maze and, faced with 
a choice between two arms equal in 
brightness, 17 out of 20 entered the arm 
whose brightness had been changed from 
Trial 1 to Trial 2. By the sign test, the 
above results are significant at the .001 
level of confidence (one-tailed). Under- 
graduate students have repeated Dem- 
ber’s experiment several times since then 

with almost identical results. 

Results analogous to these have been 
reported by Thompson and Solomon 
(18) and Berlyne (1, 2) with rats, and 
recently by Welker (20) with chim- 
panzees. It is to conditions like the 
above, involving operations that produce 
a temporal change in stimulation, that 
the term “novelty” most aptly refers. 

It should be noted that a temporal 
change in stimulation arouses attention 
only if the change produces a discrep- 
ancy between what is observed by the 
subject and what is expected. The mo- 
tivational implications of discrepancy 
have, of course, been emphasized by 
Hebb (9) and McClelland (12). 

The experiments referred to above 
utilize change in stimulation over dis- 

crete periods of time. In one of Breese’s 
many studies on binocular rivalry (4) 
a continuous change was effected in one 
of the two stimuli by means of a device 
which moved the stimulus over the field. 
The moving stimulus was found to dom- 
inate attention almost completely. 
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To summarize, an important experi- 
mental technique for arousing attention 
is to present the organism with stimula- 
tion which is discrepant from the or- 
ganism’s expectation. This may con- 
veniently be accomplished either by ex- 
posing the organism to a stimulus and 
then changing the stimulus in some 
manner, or by producing a continuous 
change in the stimulus. 

It is obvious that the indicator re- 
sponse, from which attention is inferred, 
may vary considerably, depending on 
the species studied and on the experi- 
mental conditions. We especially would 
emphasize that in the present analysis 
no distinction is made genotypically be- 
tween “approach” and “avoidance” be- 
havior. Hebb’s chimpanzees, who find 
the isolated head of one of their species 
so discrepant as to be emotionally dis- 
turbing, nevertheless are certainly at- 
tending to it. 


Spatial Change in Stimulation 


An analysis similar to that above may 
be applied to the case of goal stimuli 
whose ability to arouse attention is pro- 
duced by spatial dishomogeneity. Breese 
(4), for example, found that one of the 
two fields in a binocular rivalry experi- 
ment could be made dominant simply 
by adding lines to it. Similar results 
are reviewed by Vernon (19). The ex- 
periments of Montgomery (15) are 
also pertinent here. His rats learned to 
choose the arm of a Y maze leading to 
a Dashiell maze within which they coul! 
wander, as opposed to the arm leading 
to a plain goal box. Welker’s chimpan- 
zees preferred the more spatially heter- 
ogeneous of a pair of stimuli (20). 
| Spatial heterogeneity is a character- 
istic to which the term “complexity” has 
been often applied. Complexity, like 
novelty, may be transformed into a psy“ 
chological variable by defining it i? 
terms of change in stimulation, in this 
case spatially induced. 

While the distinction between tPe 


EXPLORATORY, MANIPULATORY, AND CURIOSITY BEHAVIORS 93 


temporal and spatial factors by which 
change is induced is useful in describing 
some of the experimental techniques 
available for producing goal stimuli, 
psychologically it is an unnecessary dis- 
tinction. Spatial change implies some 
sort of scanning process on the part of 
the individual; the scanning of a spa- 
tially heterogeneous stimulus is equiva- 
lent to movement by the stimulus, over 
time, past the “stationary” individual. 
In this sense spatial heterogeneity has 
the same effect psychologically as tem- 
poral change of stimulation. 


SYMBOLIZATION OF CHANGE 


: A useful set of symbols for abstract- 
ing the above ideas is offered in 
Coombs’s measurement theory (5). 
The symbol Qj; is the measure of a 
stimulus, j, on some attribute for an in- 
dividual, i, at the moment, #. The sym- 
bol Crj, analogously, is the measure of 
an individual, i, on some attribute for a 
stimulus, j, at the moment, #. The 
Measures and attributes in this theory 
are not properties of the physical stim- 
ulus events or objects, but are defined 
by means of the discriminatory re- 
Sponses to such objects or events on the 
Part of observers who are different from 
the experimenter. While the C values 
in Coombs’s theory are ordinarily ap- 
Plied to such attributes as “arithmetic 
ability,” “attitude toward the church,” 
etc., we may generalize the concept of 

value to include expectancy. Thus, 
an individual at time 4 may have a 
oprightness measure,” not in the sense 
2 intelligence or amount of light re- 
ected from his face, but in the sense 
Ta he comes to a stimulus with an 
oF (Cry) about the brightness 
Dank (Qn) of that stimulus. In the 

E er (6) experiment, for example, 
ie approaches the choice point on 
as with a brightness measure for 
thre arm, Cry and Chix. These meas- 

: Pee to the traces left by 

Wo arms on the exposure trial. 


A third measure derives from the 
interaction between C and Q: Pry = 
[Cris — Qni|- Pry symbolizes the ab- 
solute value of the discrepancy between 
the expected and the observer; Pry 
measures the novelty of a stimulus. In 
the example above, if j is the arm whose 
brightness was changed between trials, 
and Æ is the arm that remained the 
same, then it may reasonably be as- 
sumed that for the rat Pry > Pris 

Implied in this analysis is the assump- 
tion that, despite the brightness change, 
the maze arm, j, has retained its iden- 
tity. It is the identity of j which makes 
meaningful the process implied in [Cray 
—Qni|. This assumption, as Berlyne 
(1) points out, is made by McDougall 
(13) in his discussion of the curiosity 
instinct. The problem of stimulus iden- 
tity has been emphasized recently by 
Kivy, Earl, and Walker (10), who dem- 
onstrated the importance of context in 
the production of satiation: exposure to 
a brightness equal to that of one of the 
arms of a T maze did not influence sub- 
sequent choice, if that exposure occurred 
other than in the T-maze choice point 
itself. 

It is possible to apply to complexity 
the symbolization suggested above for 
novelty. Consider as an example of a 
complex stimulus a pattern of vertical 
black and white stripes. Suppose the sub- 
ject scans the pattern from left to right, 
and the acceptance angle of his scan is 
one stripe width. First he sees a black 
area which has a certain Q value and 
which leaves the individual with a corre- 
sponding C value. He scans farther to 
the right and sees white. Now his C value, 
aroused by the preceding scan, will in- 
teract with the Q value of the present 
scan to yield a P value—if stimulus 
identity is preserved from first to sec- 
ond scan. It is as though the subject 
says to himself on the first scan, “This 
stimulus is black,” and then as he 
scans farther “No, it’s white.” 

The measure of complexity, P, is in 
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effect a measure of response variability; 
the interpretation of this measure is 
conceptually equivalent to the interpre- 
tation of “amount of information.” For 
example, to the extent that discrepancies 
can arise as a stimulus is observed, there 
will be uncertainty, or information in 
the stimulus. In the spatial case, the 
amount of information will decrease as 
one scan yields a C value which equals 
the Q value of the succeeding scan, 
rather than the Q value of the immedi- 
ate scan. A stimulus is redundant to 
the extent that it fails to offer the pos- 
sibility of discrepancy. 

Note that the loss of information, in 
the above sense, results from the modifi- 
cation of the relevant C values of the in- 
dividual. Operationally, the stimulus 
is just as heterogeneous as before, but 
the individual through contact with it 
has changed. Unfortunately, informa- 
tion theory cannot solve the problem of 
the objective measurement of complex- 
ity, although it may contribute to an 
eventual solution. 

Tt should now be clear that both tem- 
poral and spatial change are operations 
which are potentially novelty- or com- 
plexity-producing, but are not neces- 
sarily so. The amount of information 
arising from any experimental tech- 
nique might be assessed a priori by 
methods such as Fitts et al. (7) have 
suggested. But the measure of com- 
plexity, P, arising from the application 
of that technique can only be recovered 
from the discriminatory responses of 
the subject under study. Under some 
conditions it is possible to make a good 
guess about the relative amounts of 
complexity in a set of stimuli, provided 
one has sufficient knowledge concerning 
the traits and past experiences of the 
subjects. Thus, it is quite likely that 

the striped stimulus above will be more 
complex for most subjects, at least upon 
first contact, than a spatially homoge- 
neous stimulus. Similarly, the changed 
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arm, j, in the Dember (6) experiment 
should be more complex (or novel) for 
the animals than the unchanged arm, &. 
But it must be emphasized that these 
are merely hunches on the part of the 
experimenter. To make possible ex- 
perimentation amenable to unequivocal 
a priori prediction, techniques are re- 
quired that permit the assessment of 
stimulus complexity for the subject to 
be used. It is to this problem that some 
of Coombs’s (5) recently developed 
measurement methods are perhaps ap- 
plicable—at least where the subjects 
possess some degree of linguistic ability. 


A Morar ANALYSIS 


We may consider the Qs, Cs, and Ps 
of the preceding discussion as elements 
in a more molar system whose units are 
sets of these elements, Thus, we might 
assign to a stimulus, on each of its at- 
tributes, an over-all complexity value 
arising from some interaction among the 
elementary within-stimulus discrepan- 
cies: symbolically, Q',,;= (Pi, Ps 
- +. Pn). In this sense we speak of 
a stimulus as having a complexity value, 
Q'nij, on each of its attributes. Note 
that O'n is a dimensionless quantity, as 
is pointed out by Miller (14) in his 
discussion of “amount of information.” 

The individual may also be assigned 
a complexity value, C'a, on each at- 
tribute, corresponding in a generalized 
sense to his “ability” on that attribute. 
Just as an individual at a given time has 
a certain ability with respect to arith- 
metic problems—some he can “pass,” 
some he cannot—so, too, he has an 
ability with respect to paintings, music; 
literature. C'a is the complexity in 4 
stimulus on some attribute which the 
individual at time % prefers. 

Analogous to the molecular C values, 
C’ changes with experience. Unlike the 
C values, however, the C’ change is uni- 
directional: with experience, C’ takes 
on increasing values. The individual 
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can only get more able.? Now the only 
stimuli which can change C’ are those 
with @' values greater than C’. The in- 
dividual in effect is “paced” by stimuli. 
-It is intuitively reasonable, however, 
that there be only a limited range of 
Q values which are effective in chang- 
ing C’, Some stimuli may be too com- 
plex to act as pacers. A person just 
learning French will not improve on be- 
Ing exposed to Proust or Baudelaire, 
though he may be able to evaluate their 
work as much more complex than that 
in his elementary text. 

We would define as a pacer a stimulus 
with a Q’ value in the acceptable range 
above C', Now, a set of stimuli will be 
attention-arousing if that set contains 
a pacer. We postulate that under that 
Condition, the individual will apportion 
his attention among the stimuli in the 
Set in proportion to their similarity to 
the pacer, with the modal amount of at- 
tention applied to the pacer. 

As the individual has experience with 
the set, his C’ value will increase, until 
Such time that the set no longer con- 
ae a pacer. At that time the set will 

onger have the ability to change C’, 
and thus will have lost its attention- 
arousing property. 

Pip free choice, the individual will 
= Se responding to the set. Forced to 

Spond to it, he will experience bore- 
a and under certain circumstances 
“ge deal of misery, as in the percep- 

isolation experiments of Bexton, 
Nine and Scott (3). Given no assist- 
pe from his receptors, he may resort 
han new stimuli—ie., he may 
= SURE dramatically as in the isola- 
kin experiments, or less so, as in auto- 
esis, binocular rivalry, and reversible 


Bures, 

: CONCLUDING COMMENTS 

T ideas presented in this paper are 
er novel nor complex, but we be- 


PR i 7 
inaiviceression of C’ results from anxiety; the 
ual in this paper is always nonanxious. 


lieve that some such scheme as we offer 
is necessary if we are to progress past 
the stage of merely demonstrating be- 
havior apparently embarrassing to ortho- 
dox Hullians. Of course, by insisting 
that complexity is a psychological varia- 
ble, assessable meaningfully only by 
psychological measurement techniques, 
we emphasize the difficulty of research 
in this area. But such a position is the 
only realistic one. 

We further complicate the issue, and 
get closer to reality, by making atten- 
tion a function not only of stimulus 
complexity but also of the individual’s 
complexity—which itself changes with 
experience. We know nothing about 
the parameters of change, or how they 
vary across attributes. There is, how- 
ever, the suggestion in an experiment by 
Krech and Calvin (11) that some aspect 
of change is related to verbal intelli- 
gence, which at least indicates that re- 
search on this problem is possible. 

A most important source of research 
difficulty which we have allowed our- 
selves to face lies in the distinction pre- 
viously mentioned between means-end 
stimuli and goal stimuli. Any research 
on goal stimuli must include techniques 
of insuring that it is goal stimuli that 
are being studied, or techniques of par- 
tialing out the means-end aspect of the 
stimuli. In working with human sub- 
jects, one must also find ways of elim- 
inating ego inyolvement—of creating 
situations where the subject is truly free 
to behave in accordance with his evalua- 
tion of the stimuli as goal objects per se. 
A complete theory, of course, would 
specify the conditions for accomplish- 
ing this, but until that is available the 
experimenter’s ingenuity must suffice. 

One final point should be made con- 
cerning the concept of complexity. We 
have deliberately avoided defining com- 
plexity as an attribute, but rather have 
made it a dimensionless measure of a 
stimulus on any attribute. This enables 
us to take what seems the reasonable 
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position that a stimulus may have a 
different measure of complexity on each 
of its attributes; analogously an in- 
dividual may have a complexity value 
on each attribute: on independent at- 
tributes these values may change in- 
dependently. Thus, one’s complexity 
for music may increase by the day, 
while one’s complexity for literature re- 
mains, in the absence of the appropriate 
experience, at the level of Mickey Spil- 
lane. 


SUMMARY 


We have classified exploration, manip- 
ulation, and curiosity in the category of 
attention. Two experimental techniques 
for arousing this behavior have been 
analyzed. We have argued that these 
two techniques have a common psycho- 
logical basis, change or discrepancy, 
which may be symbolically represented 
in Coombsian terminology. The pos- 
sible application of Coombs’s measure- 
ment techniques to the experimental 
measurement of the amount of psycho- 
logical discrepancy has been suggested. 
Finally, at a molar level, we have de- 
fined the conditions under which a set 
of stimuli will have attention-arousing 
value and under which this property is 
lost. Underlying the molar analysis is 
the idea that the dynamics of attention 
are based on the ability of stimuli to 
increase the psychological complexity 
of the individual who perceives them. 
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CONDITIONS AFFECTING THE AMOUNT OF INFORMATION 
IN ABSOLUTE JUDGMENTS 


EARL A. ALLUISI? 


Laboratory of Aviation Psychology, The Ohio State University 


Certain concepts of information the- 
ony (9, 15) have been used in measur- 
ing man’s ability to make absolute 
judgments. It has been observed, for 
example, that as the amount of input 
information to the human is increased, 
the amount of information transmitted 
by the human (both in bits/stimulus) 
will increase at first and then level off 


at some asymptotic value (10). This 
asymptotic value is the maximum 
amount of information transmitted 


(Max H;) under the specific set of ex- 
perimental conditions employed. When 
conditions are optimized for a specific 
task, Max H; will attain its highest pos- 
sible value; it may then be called the 
channel capacity for x, where x is the 
Specific psychological function or task 
studied (e.g., the visual discrimination 
of brightness, the auditory discrimina- 
nation of loudness, etc.). When v is an 
absolute discrimination task, the anti- 
logarithm of the channel capacity may 
be treated as an estimate of the span of 
absolute judgments of that stimulus di- 
mension, i.e., as an estimate of the num- 
ber of categories of stimulation that can 
be discriminated absolutely with an ar- 
bitrarily small percentage of errors (6)- 

Spans of absolute judgments may dif- 
fer for different stimuli, however, so that 
the channel capacity obtained with one 


Ps author wishes to express his appreci- 
A. L to Drs. P. M. Fitts, L. Schipper, and J. 
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to aaa of this paper. He would also like 
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Paper e present review came from reading a 
on th on Channel Capacity (10) and a book 
PERRI applications of information theory 1m 
ology (13, especially pp. 141-386). 
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stimulus or task may be higher or lower 
than the value obtained with another 
stimulus or function. Man’s Channel 
Capacity may then be defined as the 
highest of all the channel capacities for 
specific tasks; capitalization might even 
be used, as here, to differentiate this one 
“highest possible value independent of 
task” from the several “highest possible 
values for specific tasks.” 

These two concepts should not be 
confused. A recent review by Miller 
(10) was concerned with Channel Ca- 
pacity (capitalized), whereas the pres- 
ent paper is concerned with channel ca- 
pacity (uncapitalized). Specifically, the 
present paper is intended as a review 0 
the available data indicating under what 
conditions of experimentation an esti- 
mate of channel capacity (rather than 
of Max H;) might be obtained. 

In scope, this review will be limited 
to a consideration of data concerning 
the absolute judgments of stimuli lying 
along simple dimensions. First, audi- 
tory stimuli will be considered, then vis- 
ual stimuli, and finally a brief section on 
individual differences will complete the 


paper. 
AUDITORY STIMULI 


Pollack (12) had Os identify frequen- 
cies by assigning numbers to different 
tones. The tones differed in equal loga- 
rithmic steps in the range from 100 to 
8000 cps. Knowledge of results was 
given O after each response; i.e., after 
each response O was told which of the 
tones had been presented. The amount 
of information transmitted by the av- 
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erage O ? was found to increase linearly 
up to about 2 bits/stimulus, and then to 
approach an asymptote of about 2.5 
bits/stimulus, as the number of alterna- 
tive tones within the stated range was 
increased from 2 to 14 (ie., as input 
information was increased from 1 to 3.8 
bits/stimulus). This Max H: of 2.5 
bits/stimulus seems to imply that the 
span of absolute judgments of frequency 
differences in auditory stimuli is in the 
neighborhood of about five categories. 
Pollack also found, however, that in- 
formation transmission varied as a func- 
tion of both the total range of frequen- 
cies used and the spacings used between 
stimuli. For eight tones, the mean 
amount of information transmitted with 
three closely spaced series was only 1.73 
bits/stimulus, whereas it was 1.90 bits/ 
stimulus with three widely spaced series. 
When the entire range from 100 to 8000 
cps was used, the mean amount of infor- 
mation transmitted with eight tones was 


2 There are two ways of computing an “av- 

erage” of the information transmitted per O. 
Assume that there are m stimuli, 2 responses, 
and k Os. Then, (a) the amount of informa- 
tion transmitted by each of k Os could be 
computed separately from each of the k, m X 
n stimulus-response matrices. The arithmetic 
mean of these k values is referred to in this 
paper as the “amount of information trans- 
mitted by the average O.” On the other hand 
(b) the data of the k Os could be pooled into 
a single m X n stimulus-response matrix from 
which a single “average” information value 
could be computed for all k Os. This value 
for pooled data is referred to in this note as 
the “average amount of information per 0.” 
These two specific phrases are used in the 
present paper only where the mode of compu- 
tation is definitely known. 

It might be noted that the latter value can 
never exceed the former for the same set of 
data. It may, however, be less than the for- 
mer to the extent of the constant differences 
among Os. In fact, the difference between 
these two “average” values might be used as 
a quantitative estimate of individual differ- 
ences, ie„ an estimate of the reduction in in- 
formation transmission that occurs as a func- 
tion of the constant differences among Os. 


2.00 bits/stimulus, but when only part 
of this range was used it dropped to 
1.725 bits/stimulus. The actual values 
for the eight-tone data ranged from 1.6 
to 2.1 bits/stimulus for the different 
conditions (12, p. 747, Fig. 5). 

The finding that information trans- 
mission varies as a function of the spac- 
ing used between the stimuli has been 
corroborated by Garner (4). Ina study 
that required Os to identify different in- 
tensities of a 1000-cps tone by assigning 
numbers to the different tones, he con- 
cluded that “. . . greater information 
transmission will occur when the stimuli 
are spaced according to a criterion of 
equal discriminability” (4, p. 238). 

The finding that information trans- 
mission varies as a function of the range 
of stimulation used has been definitively 
corroborated by Schipper (14), whose 
experiment had two conditions. In one 
condition, the number of intensities of 
a 1000-cps tone judged by Os was va- 
ried from 2 through 4, 6, 8, and 10 
tones with a fixed 5-db interval between 
stimuli. In the second condition, stim- 
uli were selected at equal db intervals to 
divide a fixed 45-db range into 4, 6, 8, 
and 10 tones; this fixed range was equal 
to that used with 10 tones in the first 
condition. The amount of information 
transmitted by the average O in the first 
condition was found to vary from 0.47 
to 1.29 bits/stimulus as the number of 
tones judged varied from 2 to 10. In 
the second condition, no significant dif- 
ferences in the amounts of information 
transmitted by the average O (about 
1.26 bits/stimulus) were found for the 
different numbers of tones. 

These results imply two things. First, 
there is an optimal spacing of stimuli 
that will maximize the measured Max 
H, for a given stimulus dimension. 
There are theoretical grounds for pos- 
tulating that when the stimuli are spaced 
according to a criterion of equal percep- 
tual discriminability, the yalue of Max 


Amount OF INFORMATION IN ABSOLUTE JUDGMENTS 99 


H; obtained will be higher than with any 
other spacing (6), ie., adjacent stimuli 
so spaced should represent equal con- 
fusion tendencies, so that the over-all 
tendency will be to minimize total errors 
and thereby maximize the information 
transmitted by reducing the total 
equivocation. 

The second implication is that the 
asymptotic value of information-han- 
dling performance obtained with any 
given stimulus dimension is dependent 
upon the range of stimulation used in 
obtaining that Max H;. The greater the 
s imlus range, the closer will Max H: 
rel the channel capacity for the 
a ay being studied. This means, 
ics er, that even when optimal stimu- 
eatin is used, the inherent judg- 
the = accuracy of O is independent of 
a umber of stimulus categories used 
eager only insofar as a fixed 

nge of stimulus variation is employed. 


VISUAL STIMULI 


Pe range of stimulus variation used 
Fn seat Hez also been found to 
= oe transmission with vis- 
sumali. Eriksen and Hake (2) had 
ac : ge the sizes of visually presented 
maa | A statistically significant 1n- 
howe. dan the amount of information 
ISh itted by the average O was found 
Sate the range of sizes was 1M- 
ihe ch rom 40 mm. sq. to 80 mm. Sq-5 
slima amounted to about .2 bit/ 
chan 1s and represented an average 
ge of about 10 per cent in the Max 
e The number of stimulus 
arie used in the study was also 
Within over 5, 11, and 21 different sizes 
and os range, and O used 5, 11, 
the | saci categories with each of 
Bories nen numbers of stimulus cate- 
found. ins significant interaction was 
and res Ween the number of stimulus 
amine ces categories. In general, the 
E ie of information transmitted by 
tage O was lower for a given 


range when the number of response 
categories was fewer than the number 
of stimulus categories. 

In another study, Os interpolated vis- 
ually between two scale markers defin- 
ing a .16-in.-long horizontal interval. 
The number of pointer positions used 
within the interval as stimuli for O to 
judge varied over the values 5, 10, 20, 
and 50. Approximately equal amounts 
of information were transmitted with all 
numbers of pointer positions 10 or 
greater. From these data of Hake and 
Garner (7), a Max H: of about 3.25 
bits/stimulus could be estimated. Be- 
cause the Max H; appears to be a func- 
tion of range, however, this estimate of 
nine or ten categories should not be 
taken as an invariant measure of the 
span of absolute judgments of interpo- 
lated visual position. Rather, it should 
probably be taken as a specific estimate 
applicable only to the length, or sub- 
tended visual angle, of the specific hori- 
zontal interval employed. 

The effect of stimulus spacing has re- 
cently been investigated in a study of 
hue judgments. Conover (1) had Os 
judge the hues of colored papers, 5e- 
lected from the Munsell 50-hue maxi- 
mum saturation series, by assigning 
numbers to the different hues. Two 
different experimental conditions were 
used, but in each condition the same 
range of stimulation (a complete color 
circle) was employed. In one condition, 
ten Os made absolute judgments of the 
25 different stimulus categories obtained 
by taking every other hue in the Mun- 
sell series. Then, the 25 Munsell hues 
were scaled for equal discriminability, 
and 16 equally discriminable hues were 
selected from this scale. A different 
group of 21 Os made absolute judgments 
of these 16 hues in the second condition 
of the experiment. 

The amount of information trans- 
mitted by the average O was 3.486 
bits/stimulus in the first condition, and 
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3.524 bits/stimulus in the second. The 
difference between these two values was 
not statistically significant. This, how- 
ever, does not invalidate previous find- 
ings that spacing affects information 
transmission, for the scaling of the 25 
stimulus hues had indicated that the 
stimulus categories were roughly of 
equal discriminability as originally se- 
lected from the Munsell series. That is 
to say, the equal discriminability scale 
formed with the 25 stimulus hues was 
approximately linear (see 1, p. 39, Fig. 
5), and so the stimuli in both conditions 
of the experiment were spaced essen- 
tially with equal-discriminability inter- 
vals. 

The estimated span of absolute judg- 
ments of hue in the Conover study (1) 
was about 11 categories, or 3.5 bits/ 
stimulus. This is a little higher than 
the eight or nine categories (3.1 bits/ 
stimulus) estimated from the data of 
Eriksen and Hake (3), but it is in close 
agreement with the estimated number 
of absolutely identifiable spectral hues 
(between 10 and 12 hues) reported by 
Halsey and Chapanis (8). The esti- 
mate would not apply, of course, to just 
a portion of the range of hues, but only 
to the full circle of hues. 

Information transmission has been 
found to be affected by other variables 
in addition to range and spacing. Sidor- 
sky and Slivinske (11, pp. 30-37) had 
Os judge the inclination of a line of 
.l-in. length. The line could appear at 
any of the 72, 5° positions in the 360° 
of a circle. They found that when 
knowledge of results was given, the 
amount of information transmitted by 
the average O was 4.87 bits/stimulus 
(about 29 categories), but that when 

no knowledge of results was given it 
dropped to 4.66 bits/stimulus (about 25 
categories). With four Os, the differ- 
ence between these two means was sta- 
tistically significant at the p < .01 level 
of confidence. The presence or absence 
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of an outline circle around the inclina- 
tion symbol did not affect information 
transmission (11, pp. 38-39), nor did 
variations in the line length of the in- 
clination symbol from .1 through .3 in. 
(11, pp. 40-41). 

Ellipse-axis ratios between a straight 
line (ratio of minor-to-major axis equal 
to zero) and a full circle (ratio of minor- 
to-major axis equal to unity) were 
judged, both with and without knowl- 
edge of results in another study (11, 
pp. 50-56). Twenty stimulus categories 
were used in equal axis-ratio steps of 
:053 between zero and unity; the major 
axis was 74 in. long in all cases. With 
the major axis horizontally oriented, the 
amount of information transmitted by 
the average O was 3.24 bits/stimulus 
with knowledge of results, and 3.13 
bits/stimulus without knowledge of re- 
sults. With the major axis oriented 
vertically and no knowledge of results, 
the amount of information transmitted 
by the average O was 3.18 bits/stimulus. 
The differences among these three means 
were not statistically significant at the 
$ = .05 level of confidence with five Os. 
Approximately nine categories are to be 
associated with each mean as the esti- 


mated span of absolute judgments of 
ellipse-axis ratios. 


ê These studies in the absolute judgments 
of hue, inclination, and ellipse-axis ratio are 
unique in that they each cover a full possible 
range of stimulus variation. In a sense, then, 
the spans of absolute judgments estimated 
from these studies are not range-bound as are 
the values estimated from other studies, The 
spans for hue, inclination, and ellipticity ap- 
pear to be in the neighborhood of 11, 29, and 
9 categories, respectively, 

For inclination, the value of 4.87 bits/stimu- 
lus exceeds the largest channel capacity re- 
ported by Miller (10, p. 86) for a unidimen- 
sional Stimulus (3.9 bits/stimulus for positions 
in an interval). It might be argued, however; 
that inclination is not psychologically a uni- 
dimensional stimulus; two studies (11, pp. 30- 
37, 42-49) have indicated that judgmental ac- 
curacy is about the same in each of the four 
quadrants of the circle, 
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_One other study is pertinent to this 
discussion of the effects of knowledge 
of results, spacing, and range conditions 
on the amount of information trans- 
mitted in making absolute judgments. 
Sidorsky (11, pp. 57-69) had Os make 
absolute judgments of the sizes of small 
circles of light within the range from %4 
to 1%4-in. diameters. When 15 cate- 
gories were used with stimulus intervals 
of %4-in. diameter, the amount of infor- 
mation transmitted by the average O 
was 2.66 bits/stimulus (about six cate- 
gories) with knowledge of results, and 
2.37 bits/stimulus (about five catego- 
ray without knowledge of results. For 

ve Os, the difference between these two 
Means was statistically significant at the 
4 Pe 02 level of confidence. Moreover, 
fee eight categories were used over 
af ae range with stimulus intervals 

Hsin. diameter, the amount of in- 
nak transmitted by the average O 
bi out knowledge of results was 2.51 
its/stimulus (about six categories). 
He lg categories were used over 
Ba e range (from Yq to 1%a-in. di- 
in e) with stimulus intervals of %47 
the iameter and no knowledge of results, 
by Pinas tase of information transmitted 
average O was 1.74 bits/stimulus 
pot three categories). The differ- 
E between this last mean and the 
3 T three means were all statistically 

Bnificant at the p < .01 level of con- 
or E Equal discriminability scales 
i ented for the four conditions of 
oe ea indicated that relative dis- 
ier nability remained about the same 

eee ranges of the scale. 
N results of this study of size judg- 
ei. indicate that information trans- 
te a is influenced more by the range 
E variation than (4) by the 
A T of stimulus categories, at least 
spain, some minimum, or (4) by the 
ane wide limits. This further em- 

izes that in order to obtain an es- 


timate of channel capacity for any given 
stimulus dimension, the widest possible 
stimulus range must be used; otherwise, 
the obtained asymptotic value of infor- 
mation-handling capacity should be re- 
garded as a Max H; specific to the stim- 
ulus range used experimentally. 


INDIVIDUAL DIFFERENCES 


The effect of individual differences on 
information transmission may be illus- 
trated in two ways. First, the informa- 
tion-transmission value computed from 
the pooled data of & Os* will be equal 
to, or less than, the arithmetic mean of 
the & information-transmission values 
computed from the unpooled data of & 
Os.° The difference between the two 
estimates of “average” information 
transmission is a measure of the gain in 
information transmission that occurs if 
the specific O transmitting the message 
is known. [Illustrations of the different 
estimates obtained with these two meth- 
ods of computation are shown in Pollack 
(12, p. 746, Fig. 3) and in Garner (5, 
p. 374, Fig. 1). 

The second way in which individual 
differences in information transmission 
are illustrated is in the variation of the 
k values computed from the unpooled 
data for k Os. For example, the amount 
of information transmitted by ten Os 
making absolute judgments of 25 Mun- 
sell hues was found to vary from 3.185 
to 4.215 bits/stimulus (9 to 19 catego- 
ries); for 21 Os making absolute judg- 
ments of 16 hues with equal discrimi- 
nability spacings, it varied from 3.117 to 
4.000 bits/stimulus (9 to 16 categories) 
(1, p- 33, Table VI). Similarly, for 12 
Os making absolute judgments of the in- 
tensity of a 1000-cps tone with ten stim- 
uli within a 45-db range (5-db intervals 


4 The “average amount of information trans- 
mitted per 0,” as used in this paper. 

5 The “amount of information transmitted 
by the average 0,” as used in this paper. 
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between stimuli), the amount of infor- 
mation transmitted varied from 0.73 to 
1.64 bits/stimulus (1.7 to 3.1 catego- 
ries) (14, Appendix I). 

The data of these studies indicate 
that measures of information transmis- 
sion, like most psychological measures, 
vary from individual to individual. 
Therefore, estimates of the span of ab- 
solute judgments should only be based 
on data collected from adequate sam- 
ples of individuals if those estimates are 
to be taken as representative of the 
population. 


SUMMARY 


This paper reviews the available data 
pertaining to the conditions of experi- 
mentation that appear to affect the span 
of absolute judgments. In addition to 
individual differences, the ability to 
make absolute discriminations among a 
set of stimuli appears also to be a func- 
tion of the following four experimental 
conditions: 


Range of stimulus variation. The 
amount of information transmitted with 
(or the estimated span of absolute judg- 
ments of) any given stimulus dimension 
is dependent upon the range of stimulus 
variation used experimentally. In gen- 
eral, the greater the stimulus range, the 
greater the amount of information trans- 
mitted in bits/stimulus. Range seems 
to be the largest over-all determinant of 
information transmission with a given 
stimulus dimension. 

Spacing of stimuli, The maximum 
amount of information transmitted with 
a given stimulus range and a given num- 
ber of stimulus and response categories 
may be reduced by use of nonoptimal 

spacings between stimulus categories. 

Number of response categories. The 
number of response categories seems to 
interact with the number of stimulus 
categories used experimentally. In gen- 
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eral, when the number of response cate- 
gories is fewer than the number of stim- 
ulus categories, the amount of informa- 
tion transmitted appears to be lower 
than when the number of response cate- 
gories is equal to (or greater than) the 
number of stimulus categories. 
Knowledge of results. The amount of 
information transmitted when knowl- 
edge of results is given to O after each 
response appears to be greater than 
when no knowledge of results is given. 
In conclusion, man’s channel capacity 
for any given task is defined as the high- 
est possible asymptotic level of perform- 
ance (highest Max H;) obtainable with 
that task. To measure channel capacity 
experimentally, optimal conditions of 
range, spacing, number of response cate- 
gories, and knowledge of results would 
have to be used. Otherwise, the value 
obtained will be something less than the 
channel capacity—a Max H, specific to 
the experimental conditions employed. 
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DISCRIMINATION LEARNING THEORY: 
UNIPROCESS VS. DUOPROCESS* 


HARRY F. HARLOW AND LESLIE H. HICKS? 


University of Wisconsin 


A clear-cut differentiation may be 
made between uniprocess and duoproc- 
ess learning theories. Uniprocess the- 
ories assume that a single, basic physio- 
logical process, be it inhibition, excita- 
tion, or X, underlies habit formation 
and that a single interrelationship exists 
between this single process and reward, 
on the one hand, and nonreward on the 
other. The duoprocess learning theories 
assume that underlying learning there 
are two basic physiological processes, 
commonly called “excitation” and “in- 
hibition,” excitation being the resultant 
of reward, and inhibition the resultant 
of nonreward. 

In this paper, interest is limited to 
the processes underlying discrimination 
learning. Many have advanced theories 
of discrimination learning, but, to date, 
Spence is the only writer to formulate a 
theory that generates quantitative pre- 
dictions of the course of learning of a 
discrimination problem involving dis- 
criminanda with qualitative differences, 
the commonest type of laboratory dis- 
crimination learning problem. His the- 
ory clearly specifies two processes to ac- 
count for the learning. Before dismiss- 
ing other quantitative theories it might 
be pointed out that Hull (3), also a 
two-process theorist, limited his treat- 
ment of discrimination theory to situa- 
tions in which the discriminanda vary 
quantitatively along a single stimulus 
dimension. Gulliksen and Wolfle (1) 
have proposed a theory broad enough to 
cover discriminanda having qualitative 


1The research presented in this paper was 
supported by funds received from the Gradu- 
ate School of the University of Wisconsin. 

2 Now at Howard University. 


differences, but application of the the- 
ory to qualitatively varying stimulus ob- 
jects would require preliminary experi- 
mentation to scale the objects psycho- 
logically, an impractical procedure 1m 
the present situation. 

Any duoprocess theory of discrimina- 
tion learning must postulate that reward 
and nonreward have differential effects 
on learning. To account for the demon- 
strated phenomena of discrimination 
learning, it is probably also essential to 
duoprocess theory to assume, as did 
Spence (7) in his 1936 theory, that the 
differential effects are not constant 
throughout the course of learning but 
vary in some systematic mannet- 
Spence postulated that reward leads 9 
an increment in excitatory tendencies 
toward the stimulus components vary- 
ing in amount per reinforcement during 
the learning of the problem so that the 
sequence of increments might form 4 
parabolic curve. Thus, increments in. 
excitatory tendency would be small early 


ment in excitatory. tendencies, regarde, 
as “an active negative process, j ic 
tion, which, adding itself in algeb™ 
fashion to the positive excitatory te), 
encies, results in lowered strem8 t 
values” (p. 430). -He believes that 
successive nonreinforcements produc? 
decrements or inhibitory tendencies H 
creasing in amount as the strengt 

the response increases, Spence assume 
that the successive decrements form ĉ 
linear curve, although the actual io 
might be curvilinear. He was caret 
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to point out that the exact forms of the 
curves of excitatory and inhibitory tend- 
encies are not important to the theory, 
but it is implicit to the theory that the 
forms of these functions differ. 

Unfortunately, in the two decades 
that have passed no one has apparently 
attempted a direct test of this crucial 
theoretical problem. It appears ob- 
vious that a number of tests favorable 
or unfavorable to the outlined duoproc- 
ess learning theory can be made, but 
there is some question whether or not 
the theory per se can be tested. 

A direct measure of the relative or 
absolute increment or decrement pro- 
duced on specified trials in an object 
discrimination problem is difficult or im- 
possible because the patterns of the 
preceding rewards and nonrewards be- 
come so complex. Thus, no one has 
been able to assess the strengthening 
and weakening effects of reward and 
nonreward for Trials 7, 17, 27, and 37 
or for any other selection or succession 
of trials. Furthermore, individual learn- 
ing constants enter into the equations 
for predicting increments and decre- 
ments. Another difficulty in the theory 
outlined by Spence, as far as testing it 
is concerned, lies in the fact that the 
absolute or relative strengthening or 
weakening effect of reward or nonreward 
on any particular trial is influenced by 

- original object and position preferences 
which the animal brings to the discrim- 
ination situation. 

Spence’s theory was designed, of 

| course, to account for the learning of 
individual problems, but, because of the 
difficulties cited, a test of the theory 

| the single-problem situation is prob- 
H impossible. In a multiple-problem, 
E sa ee situation, with a group 
Be sink some of the difficulties can 
lg a ed: object and position pref- 
diite be balanced, and individual 
power tionen. ge ihg equation ose 
ugh averaging. Likewise, 
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patterning of reward and nonreward 
trials can be controlled, so that the 
efiects of reward and nonreward can be 
assessed at any stage of learning-set de- 
velopment. But the introduction of the 
multiple-problem technique introduces 
new variables whose possible influences 
might be a source of concern to those 
aligned with the Spence theory. 

Sufficient data.on learning-set devel- 
opment exist to justify, in view of the 
writers, the use of learning-set technique 
to test the operation of one vs. two proc- 
esses in discrimination learning, and, 
moreover, they would hold that the 
results have relevance to the Spence 
theory of discrimination learning even 
though these results cannot be regarded 
as a pure test of the theory. 

Object discrimination learning-set for- 
mation is conventionally described by 
plotting the percentage of correct Trial-2 
responses of a series of problems. The 
resultant curve is typically either ex- 
ponential or $ shaped, depending upon 
the nature of the subjects, the pretest 
conditions, and the difficulty of the kind 
of object discrimination problem chosen. 
The performance increments resulting 
from the successive trials of a series of 
problems mirror, or can be made to mir- 
ror, increments resulting from successive 
trials of a single discrimination prob- 
lem. If two processes operate in the 
learning of learning sets, differential per- 
formance curves should appear on Trial 
2 of Problems 7, 17, 27, and 37 if the 
first trial of these problems was re- 
warded in the one instance and not re- 
warded in the other. If the successive 
Trial-1 responses of a set of problems 
are made correct or incorrect an equal 
number of times within succeeding small 
groups of problems, and if the learning 
of learning sets results from the two 
processes of “excitation” and “inhibi- 
tion,” the learning set curves for Trial 
2 of this set of problems should be of 
one form for the problems that had 
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Trial 1 rewarded and of another form 
for the problems that had Trial 1 un- 
rewarded. If uniprocess learning the- 
ory is correct, the two learning curves 
should have the same form throughout 
their course. 

There is presumptive evidence that 
Trial-2 performance on successive dis- 
crimination problems is actually homol- 
ogous with the successiye-trial perform- 
ance on a single discrimination problem. 
Meyer (4) has demonstrated that the 
scores made on Trial 2 of successive 
problems fall on the intraproblem learn- 
ing curve, and that equal amounts of 
problem practice translate segments of 
the learning curve equal distances along 
a trial-unit abscissa. Although the 
Meyer measures were made on dis- 
crimination reversal problems, the re- 
sults must hold for discrimination learn- 
ing, since the only difference between 
these two problems for the monkey re- 
lates to the relatively unimportant stim- 
ulus-perseveration error-factor (2). Cer- 
tainly the intimate interrelatedness of 
intraproblem and interproblem learning 
Suggests a communality of basic mech- 
anisms. 

The actual problem which the present 
experiment is designed to test, however, 
is the operation of uniprocess vs. duo- 
process learning in the acquisition of 
object discrimination learning sets. 
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METHOD 


Eight adolescent rhesus monkeys 
(No. 190, 191, 193, 195, 196, 197, 198, 
199) served as subjects. They had been 
previously tamed, adapted to the test 
room and apparatus, and used in a la- 
tency experiment involving displacement 
of a single wooden block (5). The an- 
imals were tested in the Wisconsin Gen- 
eral Test Apparatus with a two-hole 
tray. Stimuli were 360 pairs of objects 
differing multidimensionally. 

The standard noncorrection trial pro- 
cedure was utilized (2), with a raisin as 
the reward on correct trials. All prob- 
lems were six trials in length, and 12 
such problems were given each animal 
each day for 30 days. The position of 
correct and incorrect stimulus objects 
was controlled by use of balanced posi- 
tional sequences (2). 

The daily set of 12 problems for each 
S consisted of 3 problems of each of 
four kinds, differing only in first-trial 
conditions, as follows: 


Condition A. A single object was pre- 
sented over one of the two holes on the 
tray on Trial 1 and was not rewarded. 
On Trials 2 to 6 this object continued 
as the incorrect object paired with a 
second object which was consistently 
rewarded. 

Condition B. A single object was pre- 
sented over one of the two holes on the 
tray on Trial 1 and was rewarded. On 
Trials 2 to 6 this object continued as 
the rewarded object paired with a new 
object, consistently not rewarded. 

Condition C. Two objects were pre- 
sented on Trial 1, and response to either 
was not rewarded. The object which 
the monkey selected on Trial 1 was the 
incorrect object on Trials 2 to 6. 

Condition D. Two objects were pre- 
sented on Trial 1, and response to either 
was rewarded. The object which the 
monkey selected on Trial 1 was the 
correct object on Trials 2 to 6. 
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shift and reward maximizes it (2). 
Such data as exist (2) would indicate 
that the response-shift error-factor for 
Condition-B problems would either not 
be materially reduced during the course 
of the experiment or would be reduced 
only near the end. Thus, it would 
either not affect the form of the curve, 
or it would affect it only near the end 
of the experiment, in this case reflected 
as a gradual rise of the Trial-2 Condi- 
tion-B curve as compared with the 
Trial-2 Condition-A curve. 

The performances of the monkeys on 
the 90 successive mean Trial 2 to 6 re- 
sponses made under Conditions A and 
B are presented in Fig. 2. Again, the 
two curves appear to be highly similar, 
if not identical, in form. It is possible 
that at the last plotted point the Condi- 
tion-B reward curve is accelerating rela- 
tive to the Condition-A nonreward 
curve, but the differences are well within 
the range of experimental error, and 
would not be unexpected in terms of the 
described operation of the response-shift 
error-factor (2). 

The learning curves for all four train- 
ing conditions during Trials 2 to 6 are 
depicted in Fig. 3, even though it was 
considered that Conditions C and D are 


not critical tests because of lack of con- 


trol over stim’ 
object is rewar 


ulus preferences. If neither 
ded on Trial 1, the mon- 
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key’s preferred object, as indicated by 
Trial-1 choice, becomes the negative ob- 
ject, and the animal must choose the 
nonpreferred object on subsequent trials. 
If both objects are rewarded on Trial 1, 
the preferred object is the correct one 
for the trials that follow. The high 
performance under Condition D at the 
initial plotted point, and at no other 
point, was predicted from the fact that 
stimulus preference is an important fac- 
tor influencing choice early in learning, 
and then decreases sharply in impor- 
tance after the early stages of object dis- 
crimination learning-set formation by 
rhesus monkeys (2). It may be noted 
that the composite curves for the A and 
B, single-object, conditions, and for the 
C and D, double-object, conditions are 
almost identical at all points after Prob- 
lems 1 to 15. 

It is quite obvious that the present 
experiment is not a direct test of 
Spence’s discrimination learning theory, 
because the present experiment meas- 
ures learning in the learning-set situa- 
tion. The data appear, however, un- 
equivocally to support a uniprocess in- 
terpretation of learning, because reward 
and nonreward operated in a parallel 
and constant manner throughout the en- 
tire course of the experiment in influenc- 
ing learned performance. 

No single experiment can possibly 
settle a theoretical problem as crucial as 
that involved in choosing between duo- 
process and uniprocess learning mecha- 
nisms. The present experiment does 
present evidence in favor of the uni- 
process conception of learning, and, 
more important, it suggests the possibil- 
ity of other direct attack on the prob- 
lem. 

If a uniprocess theory is correct, it 
must survive other experimental tests. 
For example, if we accept that learning 
is ascribable to a single process, we must 
assume that the generalization curves to 
the rewarded and to the unrewarded 


training stimuli will be identical, or that 
any departure from identity can be ex- 
plained by the operation of independ- 
ently defined mechanisms, such as re- 
sponse shift. Similarly, the temporal 
decay which should result from increas- 
ing the intervals of delay between suc- 
cessive trials of discrimination learning 
problems must be constant for rewarded 
and unrewarded stimuli, or must be 
attributable to independently defined 
mechanisms. Specifically, if we meas- 
ure the learning on Trial 1 in terms of 
performance on Trial 2, and introduce 
four intertrial delay intervals such as 
10, 20, 30, and 40 seconds, the delay 
functions to initially rewarded or un- 
rewarded stimuli should be identical in 
form. Similar results should also obtain 
in delayed-response testing. 

On the basis of preliminary studies 
we know that adequate testing of uni- 
process theory in these described situa- 
tions is difficult because of the rigid 
controls which must be established over 
past experience, stimulus preference, 
and the operation of the powerful re- 
sponse-shift error-factor. Our prelim- 
inary studies consistently show greater 
learning to the unrewarded stimulus in 
all situations; the results are indeter- 
minate in regard to the form of the gen- 
eralization curves or the temporal decay 
functions. The results are, however, of 
Such a nature as to suggest that defini- 
tive tests can be made by improved 
precision of testing and better under- 
standing of the factors which operate 
to produce error in the nonspatial dis- 
crimination learning situation. 

If a uniprocess learning theory is ac- 
cepted, it is interesting to speculate con- 
cerning the fundamental nature of this 
mechanism. There are three possibil- 
ities: the mechanism may be excitatory, 
inhibitory, or undefined—a mechanism 
X. Wisdom or cowardice would dictate 
mechanism X. Hebb apparently pre- 
fers excitation, and the authors prefer 
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inhibition. At the present time there 
appears to be no direct test among the 
three mechanisms, and, this being true, 
choice is dictated merely in terms of 
which thesis best integrates existing 
learning data. Analysis of the nature 
of errors during learning and a review 
of the phylogenetic literature on learn- 
ing have influenced the authors in their 
choice. The problems and perils of in- 
hibitory learning theory are beyond the 
Scope of this paper, but the assumption 
of a position offers new approaches in 
Visualizing learning and the develop- 
ment of new families of problems. 
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CREATIVE ABILITIES IN THE ARTS? 
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In 1950, the writer set forth some hy- 
potheses concerning the component abil- 
ities that were believed to be needed to 
account for creativity (1). These hy- 
potheses were developed by way of prep- 
aration for systematic studies of this 
phenomenon by a combination of experi- 
mental and factor-analytic approaches. 
In order to complete the setting of these 
studies, which is important in prepara- 
tion for some of the things to follow, 
something must be said about the scope 
of the studies of creativity. 

The aptitudes project ? has not been 
confined to the study of creativity, but 
has investigated all types of thinking 
abilities, including also those tradition- 
ally known as reasoning abilities, and 
those we chose to include under the 
headings of planning and evaluation. 
This inclusiveness was fortunate, for we 
find that the whole area of thinking 
abilities or functions is rich with inter- 
relations and parallels. The under- 
standing of some parts of this total area 
is very helpful in understanding others. 

On the other hand, the studies of 
creativity proper, up to the present, have 
been more limited than they might have 
been. In setting up hypotheses con- 
cerning the component abilities in crea- 
tivity, we were guided mostly by the 
kinds of creative activity recognized as 
such in scientists, engineers, inventors, 
and in supervisory and administrative 
personnel; in other words, types of per- 


1 Based upon a paper presented in the sym- 
posium on “Aspects of Creativity” at the con- 
vention of the American Psychological Asso- 

' ciation, September 4, 1956, in Chicago, Il- 
linois. 

? Under Contract N6onr-23810 with the Of- 
fice of Naval Research, monitored by the Per- 
sonnel and Training Branch, 


sonnel that are of concern in the mili- 
tary setting. We did tolerate the gen- 
eral hypothesis that the abilities that 
make these kinds of personnel creative 
might be the same as those that make 
the painter, the composer, the writer, 
and others Creative, but we did not re- 
ject the contrary hypothesis, for we had 
no basis for doing so. To be sure, it 
would be a simpler outcome to find that 
the same qualities of fluency, flexibility, 
and originality, for example, account for 
performances of artists and scientists 
alike. But in our research we have 
never been very strongly influenced by 
the goal of simplicity. We have seen 
that all too often the compulsion of this 
goal has been unfortunately restricting 
of the investigator’s outlook. 

We did favor the notion that crea- 
tivity, whatever its range of application, 
is by no means a unity but is rather a 
collection of different component abil- 
ities or other traits, Our results have 
definitely Supported this general point of 
view. They also suggest the hypothesis 
that in the areas of the performances of 
the graphic artist and the composer, at 
least, we shall find new factors; factors 
that are distinct from those that are 
important jn Creativity of scientists, 
technologists, and managers, yet that 
are parallel to them, It is from the in- 
formation Concerning abilities that we 
have already investigated that we can 
deduce Something about creative abilities 
that we should find to be important in 
the arts. The artistic, creative abilities 
that I shall mention are thus mainly hy- 
pothetical, but I should say that there 
are better precedents for these hypoth- 
eses than for those Presented in 1950. 
We have made a beginning toward re- 
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lating some of the known factors to the 
art of writing. It is hoped that the 
Presentation of the hypotheses in this 
article will stimulate other investigators 
to test them in connection with other 
arts as well. 

In general, the support for the ex- 
pected factors thought to be important 
in the arts lies in the systematic nature 
or the whole collection of thinking fac- 
ie also the memory factors. Enough 
he e thinking and memory factors are 
A = for us to see the lines of a system. 
re is of the entire collection of 
a ectual factors has been presented 
oe kerent issue of the Psychological 
ated in (2). It will pay us to review 
ie z the features of that system that 
a re evant in support of factors that 

e predicted to be important in the arts. 


Tur 
HE System or INTELLECTUAL FACTORS 


r S of the significant principles of the 
ystem is that the factors fall into three 
et groups, depending upon the kind 
aa ees involved in the activity. Let 
ae ne of them as being in three paral- 
Ten olumns. Psychologists have had a 
a aiding recognition that different 
the Ae are involved in verbal tests on 
Other” hand and nonverbal tests on the 
logical In nonverbal tests the psycho- 
ane material dealt with by the ex- 
itn is in the form of figures, letters, 

3 matic 2 or other symbols. Our project 
ther a Show that we must make a fur- 
area action within the nonverbal 
tellect he consequence is that the in- 
of i factors tend to come in groups 
exattee parallel abilities or traits. For 
seeing €, there are three abilities for 
of p ae tionships between things. One 
Perceived applies to relations between 
o Siih figures. A second has to 
Concept, relations between meanings OT 
Seeing is There is a third relations- 
ability actor that has to do with the 
such to „see relationships between 
Materials as letters, numbers, OY 
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other simple symbols. In the latter 
case, it is neither their figural nor 
their meaning properties that determine 
the relationships; it is some other prop- 
erty. We have called this category of 
factors the “structural” group. In every- 
day life, the structural type of thinking 
is perhaps most evident in mathematics. 
It does not appear that the structural 
factors have much significance for the 
arts, as such, and that we shall have to 
look for the significant artistic abilities 
among the figural and conceptual factors. 

One or two additional comments will 
help to show just where the artistic- 
creative factors fit into the general 
scheme of intellect. The thinking fac- 
tors seem to fall into three general 
groups of another kind, in a cross clas- 
sification. This grouping is based upon 
the kind of action performed. There is 
a group of cognition factors, a group of 
production factors, and a group of evalu- 
ation factors. We become aware of the 
things with which we are confronted; we 
produce something of our own in re- 
sponse to that awareness, or something 
that it calls for; and we evaluate our 
products of thought. A total creative 
act involves all three aspects—cognition, 

roduction, and evaluation. A schematic 
view of all the classes of intellectual 
factors is shown in Figure 1. 

“In view of the active nature of crea- 


tive performances, the production as- 


pects or steps are most conspicuous and 
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probably most crucial. Among the pros 
ductive-thinking abilities another logical 
distinction appears. With some pro- 
ductive-thinking factors, and the tests 
that measure them, thinking must at 
some time converge toward one right 
answer; the significant type of thinking 
involved has been called “convergent” 
thinking. With other productive-think- 
ing factors and their tests, thinking need 
not come out with a unique answer; in 
fact, going off in different directions con- 
tributes to a better score in such tests. 
This type of thinking and these factors 
come under the heading of “divergent” 
thinking. It is in divergent thinking 
that we find the most obvious indications 
of creativity. 

This does not mean that convergent 
thinking and divergent thinking never 
occur together. They frequently do, in 
a total act of problem solving. Creative 
steps are necessary in solving new prob- 
lems. Actually, we can hardly say there 
is a problem unless the situation presents 
the necessity for new production of 
some kind. Factors are abstractions of 
components from total activities. Some 
of the components are recognized as þe- 
ing more creative than others, for ex- 
ample, qualities of fluency, flexibility, 
and originality. These come under the 
category of the divergent-thinking as- 
pect. While they may contribute to- 
ward reaching one right answer where 
that is demanded, they are more ob- 
vious in activities where this is not the 
case. In the arts there is usually no 
one right answer. Some answers are 
regarded as merely better than others, 
There is a matter of evaluation. 


FLUENCY FACTORS 


Let us consider first the potential 
factors in the more obvious creative 
areas of fluency, flexibility, and origin- 
ality. Our project results thus far have 
clearly indicated four fluency factors, 
two flexibility factors, and one original- 
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TABLE 1 


A TABLE OF THE PRODUCTIVE-THINKING 
FACTORS OF THE DIVERGENT- 
THINKING TYPE 


Type of Content 
Type of ai 
Result 
Prodused | tiaa Seractucat | “Concepts 
Words Word Associational 
fiuency fluency 
Ideas Ideational 
fluency i 
Expressions Expressiona 
fluency š 
Shifts Flexibility | Adaptive Spontancou 
of closure Flexibility | flexibility 
Novel Originality 
responses 
ion* 
Details Elaboration* Elaboration 


* At present regarded as the same factor, but future 
results may indicate two separate factors. 


ity factor. For the most part, our tests 
of these factors fall into the conceptual 
column. Table 1 is given to show the 
whole matrix of productive-thinking 
factors and their interrelationships. 

Let us consider the fluency factors 
first. Two of them, word fluency ar g 
associational fluency, have to do with 
the production of single words. Tests 
of word fluency are best characterized 
by the fact that the words produced 
must meet specified structural require- 
ments, such as listing words beginning 
with a certain letter or words ending in 
a certain suffix. Meanings or concepts 
are of no importance. The word- 
fluency factor thus falls in the structural 
column. Parallel to it, the associ@- 
tional-fluency factor is measured by 
tests that involve listing words having 
some meaningful requirement, such 45 
listing synonyms or opposites for a stim- 
ulus word. To complete this triad of 
factors, there should be one involving 
the production of letter combinations 
that satisfy certain figural requirements, 
such as the activity of producing mono- 
grams or other artistic effects with 
words. 

The factor of ideational fluency stands 
alone at present in another incomplete 
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triad. It is the ability to produce 
rapidly a succession of ideas meeting 
certain meaningful requirements. The 
number of words produced in each re- 
sponse may be one or several. For ex- 
ample, tests of this factor may call for 
the listing of things round, of ideas about 
a man going up a ladder, of titles for a 
story plot, or of predictions of conse- 
quences of events. Quantity is impor- 
tant but quality is not. 

A parallel factor in the figural column 
would be an ability to produce a variety 
of artistic ideas in limited time. Rough 
ideas for themes, rough sketches, and 
the like would be sufficient output so 
far as this ability is concerned. At this 
point we must face a question that has 
general significance, beyond the idea- 
tional-fluency areas. This is the ques- 
tion whether ability to produce numer- 
ous ideas in the graphic arts is the same 
as the ability to do so in music. 

There is a precedent at one place in 
the system of intellectual factors for a 
distinction between visual and auditory 
functions, This occurs among the mem- 
ory factors. We have an apparent triad 
of memory factors it! all of which the 
learning and retention of associative 
connections between contents is the im- 
Portant thing, and a second triad in 
which memory for the contents them- 
Pleg ig essential. In the latter triad, 
Ei is an ability to remember the sub- 
P nce of meaningful verbal material. 
vezali to it are two factors, rather than 
w having to do with remembering 
ae ee in figural form. There is & 
5 Sa of visual memory, and this 1S 
oa ate from a factor of auditory mem- 
a The latter involves memory for 

things as melodies and rhythms. 
Rea regard melodies and rhythms 

itory figures. 
ad Separation of two figural-memory 
ae Visual and auditory, suggests 
denn ilat distinction may be found 
re in the system, and hence pos- 
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sibly in the area of the production of 
figural ideas. This would mean that the 
ability to produce ideas in the graphic 
arts is distinct from the ability to pro- 
duce ideas in music. With this separa- 
tion of factors, we should have four 
ideational-fluency factors, not forgetting 
the one in the structural column, rather 
than the one factor already known. 
There could even be a fifth ideational- 
fluency factor connected with the kines- 
thetic sense, also in the figural column. 
This ability would presumably be of im- 
portance to the successful choreographer 
or creative acrobat. 

The fourth known fluency factor is 
called expressional fluency. Thus far 
confined to verbal tests, this factor is 
recognized as an ability to put ideas into 
words. Tests requiring the putting of 
words together in appropriate, con- 
nected discourse are best measures of 
the factor. The distinction of this fac- 
tor from ideational fluency is support 
for the common observation that it is 
one thing to have an idea and it is 
something else to be able to put it into 
words. 

Three of the known fluency factors 
should go a long way to account for 
talent for writing. Ideational fluency 
should give the writer something to write 
about; expressional fluency should en- 
able him to put it into appropriate 
words; and associational fluency should 
help to find words with the right shad- 
ings of meanings without the help of 
word-finding aids. 

Is it likely that there are factors to 
complete a triad of expressional factors? 
The concept of expression is surely not 
foreign to the arts. Having a graphic 
or a musical idea is short of the total 
creative production. Putting the idea 
into appropriate organizations of figural 
material would be necessary to complete 
the process. And possibily, again, we 
shall find that expression in graphic 


form depends upon a different ability 
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than expression in musical form, just 
as both differ from expression in verbal 
form. Ses 

A general conception of creativity 
that calls for so many distinctions and 
separations of function may be some- 
what surprising to readers. Why, after 
all, should there not be much in com- 
mon between having ideas in the graphic 
arts, in music, and in writing? Why 
should there not be much in common in 
expressing ideas in the different media? 

Notice that I have referred to such 
abilities as being distinct; not neces- 
sarily as being independent or uncor- 
related. I suspect that there is some- 
thing in common among parallel factors. 
This should not preclude their statistical 
and experimental separation, provided 
that performances of these different 
kinds or with different materials are not 
perfectly correlated when correction is 
made for unreliability. I suggest that 
we proceed to find out whether the fac- 
tors are statistically separable and, if so, 
whether they separate along the line 
hypothesized or along some other lines, 
Then we can more appropriately raise 
the question about their interrelation- 
ships. 

There is some evidence from everyday 
observation to lend support to the sepa- 
rateness of the expressive abilities. For 
example, the production of a popular 
song often involves the collaboration of 
a composer and a lyricist. To be sure, 
some individuals do both successfully. 
Actually, the correlation could be zero 
between these two performances, and 
yet there would be by chance some in- 
dividuals who show high status in both 
respects. The production of a motion 
picture, in which musical, graphic, and 
conceptual ideas are commonly expressed 
in blended combination, is a synthetic 
task of specialists, just as, more and 
more, even single cinema characters rep- 
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resent synthetic blends of talents of dif- 
ferent performers. 


FLEXIBILITY FACTORS 


The two flexibility factors that we 
have found differ in more than one re- 
spect. One difference is that one factor 
is found in verbal tests and the other 
mostly in nonverbal tests. One there- 
fore belongs in the conceptual column 
and the other in the structural column, 
or possibly it cuts across structural and 
figural columns; we are not sure. The 
other difference is in the role that each 
factor plays or the degree of compulsion 
vs. freedom involved. 

The conceptual-flexibility factor is 
called spontaneous flexibility because 
the examinee shows flexibility on his own 
initiative; the test items do not neces- 
sarily require it. It is possible that this 
quality is a temperamental trait or a 
motivational trait rather than an abil- 
ity; a disposition to avoid repeating 
oneself, or an urge to vary one’s be- 
havior. If this is true, the trait might 
be accounted for under the Hullian con- 
cept of “reactive inhibition,” or under 
the concept of a general psychological 
refractory phase, or under the concept of 
satiation. Being quite general in its 
determination of behavior, such a trait 
might serve as the basis for very fanci- 
ful, creative imagination wherever it is 
found, for example, in artist and scien- 
tist alike. 

The other factor in this area we have 
called adaptive flexibility, because it is 
important in the solution of problems— 
particularly those that require the dis- 
carding of familiar or habitual methods 
and striking out jn new and unusual 
directions. We have more recently ex- 
pected to find three factors of this kind, 
but thus far have not found them, prob- 
ably because our test variations have 
been inadequate to effect their separa- 
tion. To the extent that there are prob- 
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lems involved in the arts, this kind of 
ability or trait would seem to play a 
Significant role. It remains to be seen 
whether an adaptive-flexibility factor 
that is unique to figural material is re- 
quired. 


ORIGINALITY 


ies one factor of originality seems 
N care general, in one sense at 
' hat is, it is indicated by varied 
nnd ests that require unusual or un- 
ps site responses, remote associations 
“sin aner nioni, or clever responses. The 
ate unusual variety of tests has 
tion int much opportunity for a separa- 
along a mp or more originality factors 
ae ae of such differences. All 
vol s have been verbal, or have in- 
ved verbal meanings in some way. 
i ae as yet provided no opportunity 
fics ae a triad of originality fac- 
the AME Ae sini along the lines of 
erials involved. 
gs is a possibility that the factor 
Sete will prove to be funda- 
one ya temperamental or motiva- 
A variable. For example, it might 
‘5 ee set to be unconventional or 
Shae repeating what other indi- 
üld i do. A single trait of this kind 
Biggs e expected to cut across material 
i, fee There would then be one 
ane fut ity factor; not a triad. Some of 
ce he research will be directed along 
pee ines with regard to originality 
ell as with regard to flexibility. 
N ave already made a beginning 
miaa fluency, flexibility, and 
motivati y factors to temperamental and 
Ka Ete variables. At present, it 
CeO appear that any of them can 
a for on the basis of such 
i ude variables as we are er- 
5 = in this connection. This leaves 
tha a clear for testing the hypothesis 
in these ‘a are complete triads of factors 
hree areas. 
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OTHER Factors RELATED TO 
CREATIVITY 


In 1950, in addition to factors of 
fluency, flexibility, and originality, it 
was hypothesized that there would be 
an ability to see problems, an ability to 
analyze, an ability to synthesize, and an 
ability to redefine or reorganize objects 
of thought. The hypotheses concern- 
ing analyzing ability and synthesizing 
ability were rather decisively discredited 
by the results. In spite of the oppor- 
tunities for such unitary abilities to 
make themselves known, they failed to 
appear. This does not mean that, in 
thinking, no such activities as analyzing 
and synthesizing take place, for too 
many activities can be described as such. 
The unitary abilities that individuals 
have in common and that have a bear- 
ing upon success, however, are better 
described otherwise. This kind of con- 
clusion is not unique. No one would 
deny that we indulge in activities that 
are properly called thinking, and yet 
there is no generalized unitary ability to 
think. There are many thinking abili- 
ties, as previous discussion has dem- 
onstrated. An all-too-common error in 
psychology has been to assume that be- 
cause a range of phenomena can be sub- 
sumed under a single name there is 
therefore a unitary function. Every 
such assumption must be tested by em- 
pirical procedures. 

A factor was found that could be de- 
fined as the ability to see problems. It 
is a cognition factor rather than a pro- 
duction factor. It proved to be much 
less general than was originally expected, 
being confined to seeing defects and de- 
ficiencies in such practical matters as 
everyday gadgets and implements and 
in social institutions and practices. The 
tests that measure the factor have been 
exclusively verbal. Will the use of com- 
parable nonverbal tests give us comple- 
tion of a triad of problem-seeing fac- 
tors? This hypothesis should be tested. 
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To the extent that the artist has prob- 
lems, we may suppose that there are in- 
dividual differences in ability to recog- 
nize them. The problem might be in 
the form of the need for a theme or a 
particular kind of theme, or in the form 
of expression or treatment, or in the 
use of techniques and implements. 
Among these would be problems involy- 
ing figural properties of things. The 
triad hypothesis would lead us to expect 
little correlation between the ability to 
detect such problems and the ability 
to detect the kind represented in verbal 
tests. 

The factor of redefinition involves the 
ability to desert one interpretation or 
conception of use of an object, or part 
of an object, and to adapt it to some 
new function or use. For example, the 
cover glass of a watch can be removed 
and used as a condensing lens to start 
a fire. How readily can the individual 
arrive at such a transformation? How 
good is he at improvising in similar situ- 
ations in general? This variable is a 
divergent-thinking factor that involves 
the production of a shift of meaning of 
an object. Are there parallel factors in- 
volved anywhere in the arts? 

Actually, there is a factor of visualiza- 
tion, which seems to be to the figural 
column what redefinition is to the con- 
ceptual column. The factor of visualiza- 
tion is the ability to think of changes or 
transformations of a figural kind in vis- 
ually perceived objects, or in objects 
visually thought of. The relation of 
such an ability to work in the visual arts 
can be readily imagined. There might 
even be such a factor in the auditory 
field, enabling a composer or arranger 
to produce variations on a theme with 
changes in use of phrases so radical that 
they take on new values or functions. 

A factor of evaluative ability was hy- 
pothesized, not as a contributor to the 
production of creative results but as a 
means of determining whether such re- 
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sults are good, suitable, correct, or ade- 
quate. In our investigation of this area 
of thinking, we gave ample opportunity 
for more than one evaluative-ability fac- 
tor to emerge. There are different bases 
or criteria by which a product is judged. 
One is its logical consistency with known 
facts. Another is its less-than-logical 
consistency with other experiences. There 
are also different kinds of products to 
be judged, depending upon the kind of 
materials involved. We included tests 
with both figural and verbal material. 
At the time of the study of evaluative 
abilities, the third category of structural 
materials had not yet been recognized. 

We found three general evaluation 
factors. Logical evaluation is an ability 
to judge products on the basis of their 
logical consistency with given facts. 
A factor called experiential evaluation 
seemed to fit the picture of an ability to 
judge products in terms of consistency 
with past experiences, In the interpreta- 
tion of this factor, if the emphasis is 
placed upon ability to make use of past 
experiences in the act of judging, it 
could be a rather general ability. If, 
however, emphasis is placed upon the 
Past experiences, we face the real pos- 
sibility of many common factors of this 
kind, depending upon the more or less 
coherent bodies of information that peor 
ple acquire, for example, mechanical, 
mathematical, and so on, As for the 
rest, the use of experience would be a 
rather specific matter, 

A third factor, which was called per- 
ceptual evaluation, is of uncertain gen- 
erality. It can readily be hypothesized 
that there are as many perceptual-evalu- 
ation factors as there are coherent 
areas of perceptual functioning. The 
variety of psychophysical judgments is, 
of course, almost unlimited. The tests 
that defined our perceptual-evaluation 
factor emphasized comparisons of lengths 
of lines and total sizes of figures. The 
factor we found may therefore have bee? 
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the more limited length-estimation fac- 

tor that was previously known. 
: The whole area of evaluative abilities 
is still largely unexplored. I have hinted 
that we may expect to find a very large 
number of rather narrow evaluative- 
ability factors. As for evaluation in 
me arts, presumably the logical-evalua- 
a factor would not apply. Experi- 
rece abilities might account 
ee hetic tastes in terms of aesthetic 
Soni 7 7 Perceptual-evaluation abilities 
pa ae much bearing on the ac- 
oe ility of art forms, visual, auditory, 
T SDRE They would perhaps be 
scope. and also generally of narrow 
i factors mentioned thus far are 
ing in “i originally regarded as belong- 
ie “i creative category. Recogniz- 
alge some aspects of planning are 
ie eative, certain newly obtained 
garded ae that area could also be re- 
of the as Creative. But as the system 
hitting intellectual factors developed, 
teat a our original categories of 
categor 8, Creativity, and planning, these 
Boa concepts have shrunk in 1m- 
haren % urthermore, it became more 
OF ever Ms at, in the creative activity 
ae Ti ay life, other abilities than 
Day asardan as primarily creative also 
is it nor Te some degree. For example, 
esirable f ely that a large vocabulary is 
not the q or the creative writer? Should 
geometr rre of ideas in descriptive 
erms x e able to think readily in 
ese t: visual-spatial arrangements? 
B a examples imply the useful- 
ha ne e factors known as verbal 
tespectiven a and spatial orientation, 
e phasize Y- Norman C. Meier has also 
With rec 3 the finding that individuals 
Usually wr Sagi artistic talents are un- 
er clear] $ to. observe and to remem- 
is im z things they perceive (3)- 
known Plies a high degree of the factor 
temen > Véswal memory, an ability to 
er visual content. The factor of 


ne 
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auditory memory may play a similar 
role for the composer. 

Thus, a great number of primary 
mental abilities that would not be re- 
garded as creative abilities nevertheless 
play their roles at times in creative 
work. We might say that minimal levels 
of such abilities are desirable, if not 
necessary, for success in various artistic 
activities. We might say that to that 
extent these are necessary but not suf- 
ficient conditions for creative produc- 
tion. The factors of fluency, flexibility, 
and originality, and the like, are not 
only necessary but, when possessed in 
adequate amounts, are sufficient. All of 
this, of course, assumes adequate mo- 
tivating conditions, also. In the process 
of surveying the resources of creative 
artists of any kind, therefore, whether 
this is for the sake of better under- 
standing of talent or for the practical 
purposes of prediction and guidance, it 
would be well to ask whether any of the 
intellectual factors may play a significant 
role, and where and how, if so. 


SUMMARY 


1. It is hypothesized that creative 
artistic talent is not a unitary or uni- 
form commodity but is to be accounted 
for in terms of a large number of factors 
or primary mental abilities. From what 
is already known, we should expect that 
the creative abilities of artists will be 
found to involve some factors other than 
those among creative abilities in fields 
such as science and management. 

2. Of the known factors, certain ones, 
of fluency, flexibility, and originality, 
are the most obviously creative abilities. 
All of them come under a general class 
of factors known as productive-thinking 
abilities and in a subclass of divergent- 
thinking abilities. N 

3. A developing system of all the in- 
tellectual factors indicates the relation- 


s of the more creative factors to one 


~~ From 


another and to other factors. 
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certain relationships and parallels, un- 
known factors that are probably impor- 
tant in the arts can be hypothesized 
with some confidence. 

4. A full account of complete crea- 
tive-artistic performance involves evalu- 
ative abilities and abilities that are not 
primarily creative, many of which are 
already known. 


J. P. GUILFORD 
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A GRAPHICAL DESCRIPTION OF ROTE LEARNING 
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ed has often been pointed out that a 
"i ing curve for a group of Ss does not 
€quately reflect the fluctuations in the 
ae of the individual S. A curve 
oaa senting the combined performance 
des of Ss usually shows a smooth 
af ies i in performance as a function 
isis S or time, whereas a curve for a 
EET shows increments, decrements, 
mo However, since these 
ae rage occur at different points in 
ea sg different Ss, they apparently 
sion ne er to show a smooth progres- 
reflect ‘th e group. A group curve could 
Gitar ese fluctuations if (a) a given 
tenn is lawfully related to earlier 
eae an S, and if (6) common 
es oe Points for all Ss could be used 
a ure this lawfulness. Hayes (1) 
might ik how this descriptive problem 
TA pt Scares with data derived 
ae iscrimination learning of rats. 
pan Paper shows one way m 
divi daai Bae curve will reflect the in- 
karin uctuations for data from rote 
ie as The method, with exemplary 
imita i be given first and then certain 
Scripti ns and implications of the de- 
A lon will be pointed out. 
a the situation when S$ is given 
asked to T paired-associate list and is 
one pert earn this list to a criterion of 
es ie trial. Different Ss will re- 
tain thi Sret numbers of trials to at- 
General i criterion of mastery. Two 
Btoup ice have been used to show the 
‘a rning curve for such data. One 
is the Vincent technique, in 


ich 
the total learning period for each , 


Thi 

is 

45008, pak was done under Contract N7onr- 

Rete ae NR 154-057, between North- 
esearch MiVersity and the Office of Naval 


S is divided into equal trial parts (usu- 
ally tenths), and the total number of 
correct responses in each part counted 
and then averaged for all Ss. Another 
method is the trials-to-criteria curve. 
In this method the number of trials re- 
quired by each S to attain each succes- 
sive criterion of 1, 2, 3... M correct 
responses on a single trial is determined, 
and these values are averaged for all Ss 
for each criterion. The present method 
of describing the rote-learning process 
starts with a trials-to-criteria curve. 
The trials-to-criteria curve is a series 
of points representing the earliest point 
in learning at which the average S 
achieved each criterion. If a representa- 
tion is desired which combines maximum 
performance and earliest achievement of 
that maximum, no better method could 
be devised. But if it is assumed that 
learning involves a series of systematic 
fluctuations or oscillations, it can be 
seen that the trials-to-criteria method is 
“picking off” performance at the top 
of the oscillations. Melton (2) noted 
this a number of years ago, showing that, 
following attainment of each successive 
criterion, many Ss “fell back” to lower 
levels of performance. Now it would 
seem that if the series of points defining 
the trials-to-criteria curve represent the 
peak of fluctuations, a series of points 
showing the lowest or poorest perform- 
ance after each peak might represent 
the nadir or bottom of the oscillations. 
As illustrative data we have used the 
records for 100 Ss learning a difficult, 
ten-item serial list. This list was com- 
posed of nonsense syllables of low asso- 
ciation value and of high intralist simi- 
larity. An average of 42.6 trials was 
required to learn the list to one perfect 
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trial (3). The following data were ob- 
tained from the learning records. 


1. Average number of trials required 
to reach each successive criterion. 

2. Average lowest performance shown 
after attaining each successive criterion. 

3. Average number correct on the trial 
just before the trial on which S attained 
each criterion. These values could be 
obtained for all criteria except one and 
two correct responses. Many Ss got two 
correct responses on the first anticipa- 
tion trial, so that there is no “before” 
trial. Two Ss got three correct on the 
first anticipation trial, and one got four. 
Therefore, the NV for the “before” trial 
for three correct responses is 98, for 
four correct 99, and for all others, 100. 

4. Average number correct on the 
trial just after the trial on which S at- 
tained each successive criterion. All Ss 
are represented for these values up 
through six correct responses. After 
seven, N is 99, after eight, 98, and after 
nine, 86. These reduced Ns result from 
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S’s “jumping” late criteria. For ex- 
ample, S may get eight correct on one 
trial and ten correct on the next, so that 
no record is available for the trial after 
attaining nine correct. Since these Ss 
who jump are usually fast-learning Ss, 
the mean number correct on the trial 
after achieving nine correct responses is 
probably slightly low. If S jumped 
from, say, two correct to four correct 
on successive trials, and if on the trial 
after getting four correct he again got 
four correct, he was recorded as having 
achieved four correct on the trial after 
reaching the criteria of two, three, and 
four correct. 

These four sets of data are plotted on 
a single graph in Figure 1. The abscissa 
represents trials, and the ordinate the 
mean number correct. The upper dotted 
curve, therefore, simply represents 4 
trials-to-criteria curve, and shows the 
usual smoothness. The open circles rep- 
resent performance on the trial immedi- 
ately after each criterion, and the closed 
circles performance on the trial just be- 
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Fic. 1. Trials-to-criteria learning curve and a cyclical curve from the same data. See 
text for complete explanation. 
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fore each criterion is reached. For each 
criterion these are placed one trial after 
and one trial before, respectively, ac- 
cording to the abscissa scale. Finally, 
the points shown by the triangles repre- 
sent the lowest performance shown after 
ae each criterion; these triangles 
am been placed halfway between the 
efore and after points. 
= aor be noted that the mean low- 
lon ormance after the criterion of 
aes responses was achieved (the 
Fes point between two and three cor- 
Jay ppnees) is not as low as the “be- 
a three correct performance. This 
S's g contradiction results again from 
ae B oe early criteria. Suppose S 
ae and 6 items correct on three 
the Sone trials. His performance on 
ie he ng just before getting three correct 
‘dint pe as two. But, his lowest 
le ter achieving two correct (the 
LS point between two and three cor- 
ha Pones) is five correct. The “be- 
then ee always be lower 
oint e criterion it precedes; the low 
TE need not be. 
solid following characteristics of the 
ine curve may be noted: 


ME crpi after the criterion of one 
after au OET ormone falls at some point 
dex aining each criterion. AS would 
or Ree d from plotting such curves 
e ie difficult lists, the easier the list 
ey te are such falls delayed, ie: 
e Ta only after late criteria. ~ 
less ele number of trials to learn 15 
it is z the number of items in the list, 
the aa that no falls after any of 
2 R would be observed. 
ther ie higher the criterion, the fur- 
onged į all and the longer or more Pro- 
amount s this lower performance. If the 
the of fall is changed to percentage 
ee ee preceding criterion, 
is relati the amount of fall so expressed 
after ay constant for all criteria 
e first two. 
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3. The performance on the trial just 
before attaining a criterion is consist- 
ently lower than on the trial just after 
reaching that criterion. However, the 
performances on the trial just after at- 
taining a criterion and on the trial just 
before attaining the next are roughly 
equal. 

Tt should be repeated that the list on 
which Figure 1 is based is a difficult 
one; easier lists will show less extreme 
fluctuations. Furthermore, with easier 
lists it will only be possible to get the 
low points between successive criteria 
and maintain relatively full Ns. These 
low points are critical for describing the 
bottom of the oscillations; the perform- 
ance on trials just before and just after 
attaining each criterion can be omitted 
without changing the basic picture. 

It seems evident that Figure 1 gives 
quite a different picture of the learning 
process from that of the typical learn- 
ing curve (the dotted curve). However, 
it remains to be seen whether or not the 
cyclical curve has any useful or special 
theoretical significance. Those who use 
oscillation as a theoretical construct 
may find some comfort in these data; it 
is conceivable that certain physiological 
t be shown to be related to 
the performance curve. An examina- 
tion of the differences between fast and 
slow learners for the present data show 
that slow Ss fall further after reaching 
each criterion than do fast Ss. These 
slow Ss fall further on the trial im- 
mediately after each criterion and their 
Jow point is lower. However, their per- 
formance on the trial just before attain- 
ing each criterion 


Jearning Ss. 


cycles migh 


is as high as the fast- 


SUMMARY 


It has long been known that group 
do not reflect the oscil- 


Jearning curves 
the learning records 


Jations present in 
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of the individual S. A way of coordinat- 
ing these oscillations for a group of Ss is 
presented for rote-learning data. The 
resulting graph shows systematic cycles 
in the performance curve. 
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ON PERCEPTUAL READINESS* 
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nt ten years ago I was party to 
e publication of an innocent enough 
Paper entitled “Value and Need as Or- 
Sanizing Factors in Perception.” It was 
Concerned with what at that time was 
the rather obscure problem of how extra- 
Stimulus factors influenced perception, 
ha a then of interest to only a 
Neviti (= of us—Gardner Murphy, 
er anford, Muzafer Sherif, and a 
ing is ers. „Obviously, Professor Bor- 
ness one right about the mischievous- 
öf i the Zeitgeist, for the appearance 
pats s papes seemed to coincide with all 
D. spirit-like rumblings within the 
erupt of psychology that were soon to 
Tecan F a most unspirit-like torrent of 
irer 7 on this very topic—perhaps 
ema. — research reports and the- 
since = explications in the ten years 
V en. F. H. Allport (1) and M. 

z R (81) have each recently had 
indin ook at the field, sorting out the 
Posten. and evaluating the theoretical 
Servic ns, and they have done superb 
A te ‘Their labors free me to pursue 
like nd relaxed course. What I should 
What © do in this paper is to set forth 
apron to me to be the outlines of an 
ts tins to perception congruent with 
ory) rad of new (and often contradic- 
appear ‘gia and to sketch out what 
lems et; © me to be the persistent prob- 

Still outstanding. 


. Th 
invaluni A resent paper was prepared with the 
also Ve assistance of Mr. Michael Wallach. 


enefitted from the comments of Pro- 
- E. Bitt C. H. Prentice, Karl Pribram, and 
at Prin, erman, and from various associates 
a aa University, Kansas University, 
Siong University of Michigan, where ver- 
1S paper were presented. 
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ON THE NATURE OF PERCEPTION 


Perception involves an act of cate- 
gorization. Put in terms of the ante- 
cedent and subsequent conditions from 
which we make our inferences, we stimu- 
late an organism with some appropriate 
input and he responds by referring the 
input to some class of things or events. 
“That is an orange,” he states, or he 
presses a lever that he has been “tuned” 
to press when the object that he “per- 
ceives” is an orange. On the basis of 
certain defining or criterial attributes in 
the input, what are usually called cues 
although they should be called clues 
(35), there is a selective placing of the 
input in one category of identity rather 
than another. The category need not 
be elaborate: “a sound,” “a touch,” “a 
pain,” are also examples of categorized 
inputs. The use of cues in inferring the 
categorial identity of a perceived ob- 
ject, most recently treated by Bruner, 
Goodnow, and Austin (9) and by Binder 
(4), is as much a feature of perception 
as the sensory stuff from which percepts 
are made. What is interesting about 
the nature of the inference from cue to 
identity in perception is that it is in no 
sense different from other kinds of cate- 
gorial inferences based on defining at- 
tributes. “That thing is round and 
nubbly in texture and orange in color 
and of such-and-such size—therefore an 
orange; let me now test its other prop- 
erties to be sure.” In terms of process, 
this course of events is no different from 
the more abstract task of looking at a 
number, determining that it is divisible 
only by itself and unity, and thereupon 
rizing it in the class of prime 


catego 
So at the outset, it is evident 


numbers. 
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that one of the principal characteristics 
of perceiving is a characteristic of cogni- 
tion generally. There is no reason to 
assume that the laws governing infer- 
ences of this kind are discontinuous as 
one moves from perceptual to more con- 
ceptual activities. In no sense need the 
process be conscious or deliberate. A 
theory of perception, we assert, needs a 
mechanism capable of inference and 
categorizing as much as one is needed in 
a theory of cognition. 

Let it be plain that no claim is being 
made for the utter indistinguishability 
of perceptual and more conceptual in- 
ferences. In the first place, the former 
appear to be notably less docile or re- 
versible than the latter. I may know 
that the Ames distorted room that looks 
so rectangular is indeed distorted, but 
unless conflicting cues are put into the 
situation, as in experiments to be dis- 
cussed later, the room still looks rec- 
tangular. So too with such compelling 
illusions as the Miller-Lyer: in spite of 
knowledge to the contrary, the line with 
the extended arrowheads looks longer 
than the equal-length one with those in- 
clined inward. But these differences, 
interesting in themselves, must not lead 
us to overlook the common feature of in- 
ference underlying so much of cognitive 
activity. 

Is what we have said a denial of the 
classic doctrine of sense-data? Surely, 
one may argue (and Hebb [36] has 
done so effectively) that there must be 
certain forms of primitive organization 
within the perceptual field that make 
possible the differential use of cues in 
identity categorizing. Both logically and 
psychologically, the point is evident. 
Yet it seems to me foolish and unneces- 
sary to assume that the sensory “stuff” 

on which higher order categorizations 
are based is, if you will, of a different 
sensory order than more evolved iden- 
tities with which our perceptual world 
is normally peopled. To argue other- 


wise is to be forced into the contradic- 
tions of Locke’s distinction between 
primary and secondary qualities in per- 
ception. The rather bold assumption 
that we shall make at the outset is that 
all perceptual experience is necessarily 
the end product of a categorization 
process. ; 
And this for two reasons. The first is 
that all perception is generic in the 
sense that whatever is perceived is placed 
in and achieves its “meaning” from a 
class of percepts with which it is 
grouped. To be sure, in each thing we 
encounter, there is an aspect of unique- 
ness, but the uniqueness inheres in devia- 
tion from the class to which an object 
is “assigned.” Analytically, let it be 
noted, one may make a distinction, as 
Gestalt theorists have, between a pure 
stimulus process and the interaction of 
that stimulus process with an appropri- 
ate memory trace—the latter presumably 
resulting in a percept that has an iden- 
tity. If indeed there is a “pure stimu- 
lus process,” it is doubtful indeed that 
it is ever represented in perception bereft 
of identity characteristics. The phe- 
nomenon of a completely unplaceable 
object or event or “sensation”—even 
unplaceable with respect to modality— 
is sufficiently far from experience to be 
uncanny. Categorization of an object or 
event—placing it or giving it identity— 
can be likened to what in set theory 
is the placement of an element from a 
universe in a subset of that universe of 
items on the basis of such ordered di- 
mensional pairs, triples, or n-tuples a5 
man-woman, mesomorph-endomorph-eCc- 
tomorph, or height to nearest inch. In 
short, when one specifies something 
more than that an element or object be- 
longs to a universe, and that it belongs 
in a subset of the universe, one has 
categorized the element or object. The 
categorization can be as intersecting 45 
“this is a quartz crystal goblet fashioned 
in Denmark,” or as simple as “this is 4 
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glassy thing.” So long as an operation 
assigns an input to a subset, it is an act 
of categorization. ý 
More serious, although it is “only a 
logical issue,” is the question of how one 
could communicate or make public the 
gence of a nongeneric or completely 
foe perceptual experience. Neither 
inguage nor the tuning that one could 
oan an organism to direct any other 
ae of overt response could provide 
one ni save in generic or categorial 
had = If perceptual experience Is ever 
it is ae i.e., free of categorial identity, 
fe eects to be a gem serene, locked 
s si ence of private experience. 
(26). We writers, among them Gibson 
any Wallach (83), and Pratt (66), 
distin oes that we make a sharp 
Stasi ion between the class of per- 
the tae Phenomena that have to do with 
and ie or object-meaning of things 
hin epeigrie or sensory world 
fein Which we derive our cues for in- 
ener re ie, Gibson, like Titch- 
etwee ) before him, urges a distinction 
World ee visual field and the visual 
tive A e former the world of attribu- 
jects Sea impressions, the latter of ob- 
he 5 a things and events. Pratt urges 
ene vation and set and past ex- 
Visual e may affect the things of the 
Visual oe but not the stuff of the 
fear ield. And Wallach too reflects 
eats TS, tradition of his Gestalt fore- 
stimul, urging the distinction between 
Process us process pure and the stimulus 
Interacting with a memory trace 
made a experience with which it has 
Similarit neural contact on the basis of 
Percepti The former is the stuff of 
cept, pn the latter the finished per- 
in three ge shirtsleeves to shirtsleeves 
the a ale a we are back with 
e-Gestalt” and founded content of the 
Study tievi Gestalters. If one is to 
— a field freed of the things 
~as Wann world, it becomes necessary 
ach implies—to free oneself of 
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the stimulus error: dealing with a per- 
cept not as an object or as a thing with 
identity, but as a magnitude or a bright- 
ness or a hue or a shape to be matched 
against a variable test patch. 

If we have implied that categorizing 
is often a “silent” or unconscious proc- 
ess, that we do not experience a going- 
from-no-identity to an arrival-at-iden- 
tity, but that the first hallmark of any 
perception is some form of identity, this 
does not free us of the responsibility of 
inquiring into the origin of categories. 
Certainly, Hebb (36) is correct in as- 
serting like Immanuel Kant, that cer- 
tain primitive unities or identities within 
perception must be innate or autoch- 
thonous and not learned. The primi- 
tive capacity to categorize “things” 
from “background” is very likely one 
such, and so too the capacity to dis- 
tinguish events in one modality from 
those in others—although the phenom- 
ena of synesthesia would suggest that 
this is not so complete a juncture as it 
might seem; e.g., von Hornbostel (39). 
The sound of a buzz saw does rise and 
fall phenomenally as one switches room 
illumination on and off.» The full reper- 
tory of innate categories—a favorite 
topic for philosophical debate in the 
19th century—is a topic on which per- 
haps too much ink and too little em- 
pirical effort have been spilled. Motion, 
causation, intention, identity, equiva- 
lence, time, and space, it may be persua- 
sively argued, are categories that must 
have some primitive counterpart in the 
neonate. And it may well be, as Piaget 
(65) implies, that certain primitive ca- 
pacities to categorize in particular ways 
depend upon the existence of still more 
primitive ones. To identify something 
as having “caused” something else re- 
quires, first, the existence of an identity 
category such that the two things in- 
volved each may conserve identity in the 
“cause” producing “effect.” 


process of : 
r unlearned categories—a 
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matter of much concern to such students 
of instinctive behavior as Lashley (51) 
and Tinbergen (77)—remain to be ex- 
plicated. In what follows, we shall 
rather cavalierly take them for granted. 
As to the development of more elaborated 
categories in terms of which objects are 
placed or identified, it involves the 
process of learning how to isolate, weigh, 
and use criterial attribute values, or 
cues for grouping objects in equivalence 
classes. It is only as mysterious, but 
no more so, than the learning of any 
differential discrimination, and we shall 
have occasion to revisit the problem 
later. 
A second feature of perception, be- 
yond its seemingly categorial and in- 
ferential nature, is that it can be de- 
scribed as varyingly veridical. This is 
what has classically been called the 
“representative function” of perception: 
what is perceived is somehow a repre- 
sentation of the external world—a meta- 
physical hodgepodge of a statement but 
one which we somehow manage to un- 
derstand in spite of its confusion. We 
have long since given up simulacral the- 
ories of representation. What we gen- 
erally mean when we speak of represen- 
tation or veridicality is that perception 
is predictive in varying degrees. That 
is to say, the object that we sce can also 
be felt and smelled and there will some- 
how be a match or a congruity between 
what we see, feel, and smell. Or, to 
paraphrase a younger Bertrand Russell, 
what we see will turn out to be the same 
thing should we take a “closer look” at 
it. Or, in still different terms, the cate- 
gorial placement of the object leads to 
appropriate consequences in terms of 
later behavior directed toward the per- 
ceived object: it appears as an apple, 
and indeed it keeps the doctor away if 
consumed once a day. 
Let it be said that philosophers, and 
notably the pragmatist C. S. Peirce, 
have been urging such a view for more 
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years than psychologists have taken 
their urgings seriously. The meaning of 
a proposition, as Peirce noted in his 
famous essay on the pragmatic theory 
of meaning (63), is the set of hypo- 
thetical statements one can make about 
attributes or consequences related to 
that proposition. “Let us ask what we 
mean by calling a thing kard. Evi- 
dently, that it will not be scratched by 
many other substances” (White, (84) ). 
The meaning of a thing, thus, is the 
placement of an object in a network of 
hypothetical inference concerning its 
other observable properties, its effects, 
and so on. 

All of this suggests, does it not, that 
veridicality is not so much a matter of 
representation as it is a matter of what 
I shall call “model building.” In learn- 
ing to perceive, we are learning the rela- 
tions that exist between the properties 
of objects and events that we encounter, 
learning appropriate categories and cate- 
gory systems, learning to predict and to 
check what goes with what. A simple 
example illustrates the point. I present 
for tachistoscopic recognition two non- 
sense words, one a 0-order approxima- 
tion to English constructed according to 
Shannon’s rules, the other a 4-order ap- 
proximation: YRULPZOC and VER- 
NALIT. At 500 milliseconds of ex- 
posure, one perceives correctly and in 
their proper place about 48 per cent of 
the letters in 0-order words, and about 
93 per cent of the letters in 4-order 
words. In terms of the amount of in- 
formation transmitted by these letter 
arrays, i.e., correcting them for redun- 
dancy, the subject is actually receiving 
the same informational input. The dif- 
ference in reportable perception is 4 
function of the fact that the individual 
has learned the transitional probability 
model of what goes with what in Eng- 
lish writing. We say that perception 1° 
one case is more “veridical” than in the 
other—the difference between 93 Pe 
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cent correct as contrasted with 48 per 
cent. What we mean is that the model 
of English with which the individual is 
working corresponds to the actual events 
that occur in English, and that if the 
stimulus input does not conform to the 
see the resulting perception will be 
less veridical. Now let us drop the 
image of the model and adopt a more 
sensible terminology. Perceiving ac- 
ihe under substandard conditions 
o in being able to refer stimulus 
a = appropriate coding systems; 
oe ce information is fragmentary, 
Saute s the missing properties of the 
Dari i hin from the code to which 
She Pon input has been referred. If 
a os system applied does not 
yet e input, what we read off from 
maiie system will lead to error and 
Foes $3 ical perception. I would pro- 
Rot of at perceptual learning consists 
a Ba making finer and finer discrimi- 
ia oe as the Gibsons (27) would have 
bisa ai but that it consists rather in 
cde fee of appropriate modes of 
abjec S environment in terms of its 
de aracter, connectedness, OT re- 
Tus ip acy, and then in allocating stimu- 
Bie puts to appropriate categorial cod- 
ystems. 

bal reader will properly ask, as 
ae a (67) has, whether the notion 
ah ig ta representation set forth 
tian a appropriate to anything other 
hers ations where the nature of the 
sentati is not “clear”—perceptual repre- 
itions 4 under peripheral viewing con- 
itea in tachistoscopes, under extreme 
Sh a T I am given a very good look 
With all ject, under full illumination and 
end p the viewing time necessary, and 
tee ee ius A 
same aee from one in which the 
OF two ject is flashed for a millisecond 
with on the periphery of my retina 
$ eae illumination? In the first 
e iden s rare case the cues permitting 
ntification of the object are supet- 
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abundant and the inferential mechanism 
operates with high probability relation- 
ships between cues and identities. In 
the latter, it is less so. The difference 
is of degree. What I am trying to say 
is that under any conditions of percep- 
tion, what is achieved by the perceiver 
is the categorization of an object or 
sensory event in terms of more or less 
abundant and reliable cues. Repre- 
sentation consists of knowing how to 
utilize cues with reference to a system 
of categories. It also depends upon the 
creation of a system of categories-in- 
relationship that fit the nature of the 
world in which the person must live. 
In fine, adequate perceptual representa- 
tion involves the learning of appropriate 
categories, the Jearning of cues useful in 
placing objects appropriately in such 
systems of categories, and the learning 
of what objects are likely to occur in 
the environment, a matter to which we 
will turn later. 

We have neglected one important fea- 
ture of perceptual representation in our 
discussion: representation in perception 
of the space-time-intensity conditions of 
the external world. Perceptual mag- 
nitudes correspond in some degree to 
the metrical properties of the physical 
world that we infer from the nature of 
our perception. That is to say, when 
one line looks longer than another, it is 
likely to be longer as measured by the 
ruler. There are constant errors and 
sampling errors in such sensory repre- 
sentation, but on the whole there is 


enough isomorphism between perceiv- 
) and per- 


ing without aids (psychology 
ceiving with aids (physics) to make the 
matter perenially interesting. 

Is this form of representation subject 
to the kinds of considerations we have 
been passing in review? Does it depend 
upon categorizing activities and upon 
the construction of an adequate system 
of categories against which stimulus in- 
puts can be matched? There is prob- 
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ably one condition where perceptual acts 
are relatively free of such influences, 
and that is in the task of discriminating 
simultaneously presented stimuli as alike 
or different—provided we do not count 
the “tuning of the organism” that leads 
one to base his judgment on one rather 
than another feature of the two stimuli. 
Ask the person to deal with one stimulus 
at a time, to array it in terms of some 
magnitude scale, and immediately one 
is back in the familiar territory of in- 
ferential categorizing. Prentice, in his 
able defense of formalism in the study 
of perception (67), seems to assume that 
there is a special status attached to per- 
ceptual research that limits the set of 
the observer to simple binary decisions 
of “like” and “different” or “present” 
and “absent,” and to research that also 
provides the subject with optimal stimu- 
lus conditions, and Graham (31) has 
recently expressed the credo that no 
perceptual laws will be proper or pure 
laws unless we reduce perceptual ex- 
perimentation to the kinds of operations 
used in the method of constant stimuli. 
There was at one time a justification 
for such a claim on the grounds that 
such is the best strategy for getting at 
the sensory-physiological processes that 
underlie perception. As we shall see in 
a later section, current work in neuro- 
physiology brings this contention into 
serious doubt. In any case, the point 
must be made that many of the most 
interesting phenomena in sensory per- 
ception are precisely those that have 
been uncovered by departing from the 
rigid purism of the method of constants. 
I have in mind such pioneering studies 
as those of Stevens on sensory scales, 
where the organism is treated as an in- 
strument whose sensory categorizations 
and scalar orderings are the specific ob- 
ject of study (74). Add to this the ad- 
vances made by Helson on adaptation 
level (37) and by Volkmann on the 
anchoring of sensory scales (82)—both 
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using the “sloppy” method of single 
stimuli—and one realizes that the na- 
ture of representation in perception of 
magnitudes is very much subject to 
categorizing processes, and to perceptual 
readiness as this is affected by subjective 
estimates of the likelihood of occurrence 
of sensory events of different magni- 
tudes. Indeed, Helson’s law of adapta- 
tion level states that the subjective mag- 
nitude of a singly presented stimulus 
depends upon the weighted geometric 
mean of the series of stimuli that the 
subject has worked with, and the ingeni- 
ous experiments of Donald Brown (7) 
have indicated that this adaptation level 
is influenced only by those stimuli that 
the subject considers to be within the 
category of objects being considered. 
Ask the subject to move a weight from 
one side of the table to the other with 
the excuse that it is cluttering up the 
table, and the weight does not serve as 
an anchor to the series, although it will 
show a discernible effect if it is directly 
included in the series being judged. In 
short, the category systems that are 
utilized in arraying magnitudes are also 
affected by the requirement of match- 
ing one’s model of the world to the 
actual events that are occurring—even 
if the categories be no more complicated 
than “heavy,” “medium,” and “ight.” 
The recent work of Stevens (75) on 
“the direct estimation of sensory magni- 
tudes” highlights the manner in which 
veridicality in sensory judgment de- 
pends upon the prior learning of an 
adequate category set in terms of which 
sensory input may be ordered. Sub- 
jects are presented a standard tone of 
1000 cps at 80 db. sound-pressure-level 
and are told that the value of this 
loudness is 10. Nine variable loud- 
nesses all of the 1000 cps are then p° 
sented, varying 70 db. on either side © 
the standard, each one at a time being 
paired with the standard. “If the stand- 
ard is called 10, what would you Ca 
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the variable? Use whatever numbers 
ae to you appropriate—fractions, 
ecimals, or whole numbers.” If one 
then compares the categorial judgments 
ee with the sound pressure level of 
E Serge tones presented, using a log- 
pee (log of the magnitude estima- 
ie a log of sound-pressure-level) 
4 esu ting function is a straight line, 
escribed by the empirical formula 


Hine RDS, 


gee L is loudness and I intensity. In 
A categorial sorting of sensory mas- 
aie provides one with a mapping or 
Th ae of physical intensity. 
EE eT to be sure, màny problems 
fie te with such a procedure, but 
Satin int remains: the magnitude cate- 
Bent a terms of which we scale sensory 
cal a represent a good fit to the physt- 
this « aracteristics of the world. Call 
Edo veridicality” if you wish—although 
yet ans see what is gained thereby; 
near ig one calls it, one must not 
made 4 t of the fact that the judgments 
fhe E re predictive of other features © 
iene sory inputs. Given the empirical 
ee sion formula, one can predict 
Piste ice judgment to physical 
T eadings. 

ee i ng we have proposed that 
in a oe is a process of categorization 
from =" organisms move inferentially 
in + aon to categorial identity and that 
RARA cases, as Helmholtz long 480 
f a i the process is a silent one. 
Suncon will, te inference is often an 
sults eee one. Moreover, the re- 
sentati such categorizations are repre- 
with pee in nature: they represent 
e St degrees of predictive ve- 
world ty the nature of the physical 
y i which the organism operates. 
al Hari veridicality I mean simply 
ject or t eptual categorization of an ob- 
Epto vent permits one to “go beyond 
Ceived p erties of the object or event per- 
o a prediction of other properties 
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of the object not yet tested. The more 
adequate the category systems con- 
structed for coding environmental events 
in this way, the greater the predictive 
veridicality that results. 

Doubtless, the reader will think of any 
number of examples of perceptual phe- 
nomena not covered by the simple pic- 
ture we have drawn. Yet a great many 
of the classic phenomena are covered 
—psychophysical judgment, constancy, 
perceptual identification, perceptual 
learning, and so on. This will become 
clearer in the following sections. 
must now be dealt with are the phe- 
nomena having to do with selectivity: 
attention, set, and the like. 


Cur UTILIZATION AND CATEGORY 
ACCESSIBILITY 


A fruitful way of thinking of the na- 
ture of perceptual readiness is in terms 
of the accessibility of categories for use 
in coding or identifying environmental 
events: ‘Accessibility is a heuristic con- 
cept, and it may be defined in terms of 
a set of measures. Conceive of a per- 
son who is perceptually ready to en- 
counter a certain object, an apple let us 
say. How he happens to be in this state 
we shall consider later. We measure the 
accessibility of the category “apples” by 
the amount of stimulus input of a cer- 
tain pattern necessary to evoke the per- 
ceptual response “there is an apple,” or 
some other standardized response. We 
can state the minimum” input required 
for such categorization by having our 
observer operate with two response cate- 
eyes and “no,” with the likeli- 
hood of occurrence of apples and non- 
50:50, or by using any other 

veo of “maximum readiness” that 
one wishes to employ. The greater the 
accessibility of a category, (a) the less 
the input necessary for categorization 
to occur jn terms of this category, (b) 
the wider the range of input character- 
istics that will be “accepted” as fitting 
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the category in question, (c) the more 
likely that categories that provide a 
better or equally good fit for the input 
will be masked. To put it in more 
ordinary language: apples will be more 
easily and swiftly recognized, a wider 
range of things will be identified or mis- 
identified as apples, and in consequence 
the correct or best fitting identity of 
these other inputs will be masked. This 
is what is intended by accessibility. 

Obviously, categories are not isolated. 
One has a category “apples,” to be sure, 
but it is imbedded by past learning in a 
network of categories: “An apple a day 
keeps the doctor away” is one such cate- 
gory system. So too, are “apples are 
fruits” and other placements of an ob- 
ject in a general classification scheme. 
Predictive systems are of the same order: 
e.g., “The apple will rot if not refriger- 
ated.” We have spoken of these sys- 
tems before as the “meaning” of an ob- 
ject. We mention them again here to 
indicate that though we speak analyti- 
cally of separate or isolated categories as 
being accessible to inputs, it is quite 
obvious that category systems vary in 
accessibility as a whole. 

It follows from what has just been 
said that the most appropriate pattern 
of readiness at any given moment would 
be that one which would lead on the 
average to the most “veridical” guess 
about the nature of the world around 
one at the moment—best guess here be- 
ing construed, of course, as a response 
in the absence of the necessary stimulus 
input. And it follows from this that the 
most ready perceiver would then have 
the best chances of estimating situations 
most adequately and planning accord- 
ingly. It is in this general sense that 
the ready perceiver who can proceed 
with fairly minimal inputs is also in a 
position to use his cognitive readiness 
not only for perceiving what is before 
him but in foreseeing what is likely to 


be before him. We shall return to this 
point shortly. 

We must turn now to the question of 
cue utilization, the “strategies” in terms 
of which inferences are made (by the 
nervous system, of course) from cue to 
category and thence to other cues. I 
prefer to use the term strategy for sev- 
eral reasons. Perceiving, since it in- 
volves inference, rests upon a decision 
process, as Brunswik (17), Tanner and 
Swets (76) and others have pointed 
out. Even in the simplest threshold- 
measurement test, the subject has the 
task of deciding whether what he is 
seeing or hearing is noise only or signal- 
plus-noise. Given a set of cues, how- 
ever presented, my nervous system must 
“decide” whether the thing is an air- 
plane or a sea gull, a red or a green, or 
what not. 

There appears, moreover, to be a se- 
quence of such decisions involved in 
categorizing an object or event. A com- 
mon-sense example will make this clear. 
I look across to the mantelpiece op- 
posite my desk and see a rectangular 
object lying on it. If I continue this 
pursuit, subsequent decisions are to be 
made: is it the block of plastic I pur- 
chased for some apparatus or is it a 
book? In the dim light it can be either. 
I remember that the plastic is down- 
stairs in one of the experimental rooms: 
the object “is” a book now, and I search 
for further cues on its dark red surface. 
I see what I think is some gold: it is a 
McGraw-Hill book, probably G. A. Mill- 
er’s Language and Communication that 
I had been using late this afternoon. Tf 
you will, the process is a “bracketing” 
one, a gradual narrowing of the cate- 
gory placement of the object. 

Let us attempt to analyze the various 
stages in such a decision sequence. 


a. Primitive categorization, Before 
any more elaborate inferential activity 
= ” 

can occur, there must be a first, “silent 
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process that results in the perceptual 
isolation of an object or an event with 
certain characteristic qualities. Whether 
this is an innate process or one de- 
pending upon the prior construction of 
a cell-assembly, in the manner of Hebb 
(36), need not concern us. What is re- 
quired simply is that an environmental 
event has been perceptually isolated and 
that the event is marked by certain 
ee characteris- 
‘mean e event may have no more 
ú ing” than that it is an “object,” a 
sound,” or a “movement.” 
Pa CUE eater In highly practiced 
E E cases of high cue-category 
imore z y linkage, a second process of 
tional ¢ ecise placement based on addi- 
ees be equally silent or un- 
Dhëna us. _An object is seen with 
ah mapa immediacy as a “book” or 
is usuall tray.” In such instances there 
cations he good fit between the specifi- 
the pe a category and the nature of 
althou he peat on the organism ~ 
age” = t” and “probability of link- 
to iy Pe in a vicarious relation 
les tae other. Where the fit to accessi- 
the lini E is not precise, OF when 
low in age between cue and category 1S 
of the probability in the past experience 
ence of organism, the conscious experi- 
flee atest searching occurs. “What is 
diver Here, one is scanning the 
Cues toa for data in order to find 
teni o permit a more precise place- 
ie object. Under te ae 
Shite an organism is open” to 
Scrib imulation, in a manner de- 
ed below. 
ive aan check. When a tenta- 
owing a has occurred, fol 
è as search, cue search changes. 
Sharply kia to stimulation decreases 
ive place e sense that now, & tenta- 
curred pe of identity having 0% 
ditional e search is narrowed for ad- 
confirmatory cues to check this 
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placement. It is this feature of per- 
ceptual identification that Woodworth 
(85) in his paper on the “Reenforce- 
ment of Perception” speaks of as “trial- 
and-check.” We shall speak of a selec- 
tive gating process coming into opera- 
tion in this stage, having the effect of 
reducing the effective input of stimula- 
tion not relevant to the confirmatory 
process. 

d. Confirmation completion. The last 
stage in the process of perceptual identi- 
fication is a completion, marked by ter- 


mination of cue searching. It is charac- 


teristic of this state that openness to 
additional cues is drastically reduced, 
and incongruent cues are either nor- 
malized or “gated out.” Experiments 
on the perception of incongruity (14), 
error (69), and the like (45), suggest 
object has been categorized 
in a high-probability, good-fit category, 
the threshold for recognizing cues con- 
trary to this categorization increases by 


almost an order of magnitude. 


that once an 


The question of fit between cue and 
category specification brings us to the 


key problem of the nature of categories. 
a rule for class- 


The rule 
the following about the in- 
stances that are to be comprised in the 


a. The properties or criterial attribute 
values required of an instance to be 


coded in a given class. ; 
b. The manner in which such attribute 


values are to be combined in making an 
inference from properties to category 
membership: whether conjunctively (e.g, 
a; and bi); relationally (eg., a bears 


a certain relation to bi); oF disjunctively 


(e-go a; oF Pil: J : 
c. The weight assigned various prop- 


erties in making an inference from prop- 
egory membership. 

d. The acceptance limits within which 
«eg must fall to be criterial. That 
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is to say, from what range of attribute 
values may a;, bi . . . kı be drawn. 


When we speak of rules, again it should 
be made clear that “conscious rules” are 
not intended. These are the rules that 
govern the operation of a categorizing 
mechanism. 

The likelihood that a sensory input 
will be categorized in terms of a given 
category is not only a matter of fit be- 
tween sensory input and category speci- 
fications. It depends also on the ac- 
cessibility of a category. To put the 
matter in an oversimplified way, given 
a sensory input with equally good fit to 
two nonoverlapping categories, the more 
accessible of the two categories would 
“capture” the input. It is in this sense 
that mention was earlier made about 
the vicarious relationship between fit 
and accessibility, 

We have already noted that the acces- 
sibility of categories reflects the learned 
Probabilities of Occurrence of events in 
the Person’s world. The more frequently 
in a given context instances of a given 
category occur, the greater the acces- 
sibility of the category. Operationally, 
this means that less stimulus input will 
be required for the instance or event to 
be categorized in terms of a frequently 
used category. In general, the type of 
probability we are referring to is not ab- 
solute probability of occurrence, where 
each event that occurs is independent 
of each other. Such independence is 
rare in the environment. Rather, the 
principal form of probability learning 
affecting category accessibility is the 
learning of contingent or transitional 
probabilities—the redundant structure 
of the environment. That either the 
absolute or the contingent probability of 

events makes a crucial difference in de- 
termining ease of perceptual identifica- 
tion is readily supported by research 
findings: in the former case by studies 
like those of Howes (40) and Solomon 
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and Postman (72), and in the latter by 
the work of Miller, Heise, and Lichten 
(62) and Miller, Bruner, and Postman 
(61). 

But the organism to operate ade- 
quately must not only be ready for 
likely events in the environment, the 
better to represent them, and in order 
to perceive them quickly and without 
undue cognitive strain: it must also be 
able to search out unlikely objects and 
events essential to its maintenance and 
the pursuit of its enterprises. If I am 
walking the streets of a strange city and 
find myself hungry, I must be able to 
look for restaurants regardless of their 
likelihood of occurrence in the environ- 
ment where I now find myself. In short, 
the accessibility of categories I employ 
for identifying the objects of the world 
around me must not only reflect the en- 
vironmental probabilities of objects that 
fit these Categories, but also reflect the 
search requirements imposed by my 
needs, my ongoing activities, my de- 
fenses, etc. And for effective search 
behavior to occur, the pattern of per- 
ceptual readiness during search must be 
realistic: tempered by what one is likely 
to find in one’s Perceptual world at that 
time and at that place as well as by 
what one seeks to find. 

Let me summarize our considerations 
about the general Properties of percep- 
tion with a few Propositions. The first 
is that perception is q decision process. 
Whatever the nature of the task set, the 
perceiver or his nervous system decides 
that a thing perceived is one thing and 
not another. A line js longer or shorter 
than a standard, a particular object is a 
snake and not a fallen branch, the in- 
complete word L*VE in the context 
MEN L*VE WOMEN is the word 
LOVE and not LIVE. 

The second Proposition is that the 
decision process involves the utilization 
of discriminatory cues, as do all decision 
Processes. That is to say, the properties 
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of stimulus inputs make it possible to 
these inputs into categories of best 
_ Thirdly, the cue utilization process 
involves the operation of inference. 
Going from cue to an inference of iden- 
tity is probably the most ubiquitous and 
Primitive cognitive activity. The utiliza- 
tion of inference presupposes the learn- 
ing of environmental probabilities and 
invariances relating cues to cues, and 
Cues to behavioral consequences. Cue 
utilization involves various stages: a 
Primitive step of isolating an object or 
event from the flux of environmental 
Stimulation, stages of cue searching 
where the task is to find cues that can 
be fitted to available category specifica- 
tions, a tentative categorization with 
More search for confirming cues, and 
final categorization, when cue searching 
1S severely reduced. 

Fourth, a category may be regarded 
ae a of specifications regarding what 
aile s will be grouped as equivalent— 

s respecting the nature of criterial 


c i $ 
_ Cues required, the manner of their com- 


bining, their inferential weight, and the 
acceptance limits of their varjability. 
ie ifth, categories vary in terms of 
ie accessibility, the readiness with 
ich a stimulus input with given prop- 
erties will be coded or identified in terms 
n a category. The relative accessibility 
gape eones and systems of categories 
B ns to depend upon two factors: the 
iad os of the person with regard 
sa he likelihood of events to be en- 
A ntered in the environment; and the 
fch requirements imposed on the or- 
a n by his needs and his ongoing 
erprises. To use the functionalist’s 
ie” perceptual readiness or acces- 
ize y serves two functions: fo mm- 
Bons a surprise value of the environ- 
to th A matching category accessibility 
World Probabilities of events 1m the 
about one, and to maximize the 


atiainment of sought-after objects and 
events. 

Veridical perception, so our sixth prop- 
osition would run, consists of the coding 
of stimulus inputs in appropriate cate- 
gories such that one may go from cue to 
categorial identification, and thence to 
the correct inference or prediction of 
other properties of the object so cate- 
gorized. Thus, veridical perception re- 
quires the learning of categories and cate- 
gory systems appropriate to the events 
and objects with which the person has 
commerce in the physical world. When 
we speak of the representative function 
of perception, we speak of the adequacy 
of the categorizing system of the indi- 
vidual in permitting him to infer the 
nature of events and to go beyond them 
to the correct prediction of other events. 

Seventh, wnder less than optimal con- 
ditions, perception will be veridical in 
the degree to which the accessibility of 
categorizing systems reflects the likeli- 
hood of occurrence of the events that 
the person will encounter. Where ac- 
cessibility of categories reflects environ- 
mental probabilities, the organism is in 
the position of requiring less stimulus 
input, less redundancy of cues for the 
appropriate categorization of objects. 
In like vein, nonveridical perception 
will be systematic rather than random 
in its error insofar as it reflects the in- 
appropriate readiness of the perceiver. 
The more inappropriate the readiness, 
the greater the input or redundancy of 
cues required for appropriate categori- 
zation to occur—where “appropriate” 
means that an input is coded in the cate- 
gory that yields more adequate subse- 


quent predictions. 


MS MEDIATING PERCEPTUAL 


MECHANIS. 
READINESS 


Having considered some of the most 
general characteristics of perceiving, 
particularly as these relate to the phe- 
nomena of perceptual readiness, we must 
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turn next to a consideration of the kinds 
of mechanisms that mediate such phe- 
nomena. Four general types of mecha- 
nisms will be proposed: grouping and 
integration, access ordering, match-mis- 
match signaling, and gating. They will 
be described in such a form that they 
may be considered as prototypes of 
neural mechanisms and, where possible, 
neurophysiological counterparts will be 
described briefly. Six years ago, Ed- 
ward Tolman (79) proposed that the 
time was perhaps ripe for reconsidering 
the neural substrate of perception. Per- 
haps he was right, or perhaps even now 
the enterprise is somewhat premature. 
Yet, the body of perceptual data avail- 
able makes it worth while to consider 
the kinds of mechanisms that will be 
required to deal with them. To use 
Hebb’s engaging metaphor, it is worth 
while to build a bridge between neuro- 
physiology and psychology provided we 
are anchored at both ends, even if the 
middle of the bridge is very shaky. 


Grouping and Integration 


It is with the neural basis of the cate- 
gorizing process that Hebb’s Organiza- 
tion of Behavior (36) is principally con- 
cerned. Little is served by recapitulat- 
ing his proposals here, for the reader 
will be familiar with the concise ac- 
count in Chapters 4 and 5 of that book, 
where the concepts of cell assembly and 
phase sequence are set forth with a 
clarity that permits one to distinguish 
what is neurophysiological fact and 
what speculation. In essence, Hebb’s 
account attempts to provide an anatomi- 
cal-physiological theory of how it is that 
we distinguish classes of events in the 
environment, and how we come to rec- 
ognize new events as exemplars of the 
once established classes. The theory 
seeks also to provide a mechanism for 
integration of sorting activity over time: 
the formation of phase sequences for 
the conservation of superordinate classes 


of events and superordinate sequences. 
Basically, it is an associational or an 
“enrichment” theory of perception at 
the neural level, requiring that estab- 
lished neural associations facilitate per- 
ception of events that have gone to- 
gether before. The expectancies, the 
centrally induced facilitations that oc- 
cur prior to the sensory process for 
which they are appropriate, are learned 
expectancies based on the existence of 
frequency integrators. These frequency 
integrators may be neuroanatomical in 
the form of synaptic knobs, or they may 
be any process that has the effect of 
making activity in one locus of the 
brain increase or decrease the likelihood 
of activity in another. To be sure, 
Hebb’s theory depends upon some broad 
assumptions about convergence of firing 
from area 17 outward, about synchro- 
nization of impulses, and about the 
manner in which reverberatory circuits 
can carry organization until the much 
slower process of anatomical change can 
take place. But this is minor in com- 
parison with the stimulation provided 
by facing squarely the question of how 
the known facts of categorization and 
superordination in perception could be 
represented in the light of present knowl- 
edge. 

While it is difficult indeed to propose 
a plausible neural mediator to account 
for category formation and the develop- 
ment of elaborated categorial systems 
(e.g., our knowledge of the relations be- 
tween classes of events in the physical 
world which we manipulate in everyday 
life), it is less difficult to specify what 
such mechanisms must account for in 
perceptual behavior. 

At the level of the individual category 
or cell assembly, the phenomena of ob- 
ject identity must be accounted for- 
Moreover, identity conservation or ob- 
ject constancy requires explanation in 
terms common with the explanation of 
identity. Experiments by Piaget (65) 
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suggest that the capacity to maintain 
the phenomenal identity of an object 
undergoing change is the hard-won re- 
sult of maturation-and-learning. In 
connection with the later discussion of 
processes, we shall have occa- 
es o consider the manner in which, 
at different stages in cue utilization, the 
required fit between an input and a cell 

assembly changes. 
in integration is concerned, there 
oa ay process capable of conserving 
flere of the likely transitions and 
aes gencies of the environment. The 
cons sae programming of per- 
as a _Teadiness depends upon such 
i. In short, the relation be- 
sich ae asses of events 1s conserved in 
ie T way as to be subject to change 
pos es Several things can be 
an about integration processes. It 
mee. kely that it is a simple autocor- 
ns P device. Clearly, the concep- 
ite = e anano probabilities that 
of Eo ished in dealing with sequences 
a. show biases that no self-re- 
be Tik 5 autocorrelation computer would 
i a i y to operate with. One of these 
Seok oe and early tendency to treat 
Sear oe nonindependent of each other 
or Rana In the absence of evidence, 
Ft “ the presence of contrary evi- 
ie . umans—as their behavior has 
(23) ab in choice tasks, €-8 Estes 
Sterner oodnow (29)—treat random 
governed of events as though they were 
ter ed by dependent probabilities. 
Piston nate of research on two-choice de- 
aware — has made us quite sharply 
lietan this characteristic of cognitive 
Emban a The typical pattern 3S the 
cole fallacy or, more properly, the 
Phebe ay effect. Given two equi- 
random Page whose occurrences are 
Bressive} 4 repetition of one event Pro” 
3 pete eads to the expectancy of 
Tents A As in the elegant exper 
(29) de Jarvik (44) and Goodnow 
» the probability that a person will 
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predict one of two events increases di- 
rectly as a function of the number of 
repetitions of the other event. Such be- 
havior persists over thousands of op- 
portunities for testing, and it appears 
under a variety of testing conditions 
(9). 

The second feature of sequential prob- 
ability integration mechanisms is that, 
in establishing a conception of the prob- 
ability with which events will occur, the 
typical human subject will bias his esti- 
mate in terms of desired or feared out- 
comes. As in the experiments of Marks 
(60) on children and of Irwin (41) on 
adults, the subjectively estimated prob- 
ability of strongly desired events will be 
higher per previous encountered occur- 
rence than the estimated likelihood of 
less desired events. Quite clearly, then, 
the establishment of estimates depends 
upon more than frequency integrations 
biased by assumptions of nonindepend- 
ence. The “something more” is a moti- 
vational or personality process, and we 
shall have more to say about it in con- 
sidering phenomena of so-called “per- 
ceptual sensitization” and “perceptual 


defense.” 


Access Ordering 

The term “accessibility” has been 
used in preceding pages to denote the 
ease or speed with which a given stimu- 
lus input is coded in terms of a given 
category under varying conditions of in- 


struction, past learning, motivation, etc. 
ed, moreover, that 


conditions affect ac- 
subjective probability esti- 


cessibility: b 
likelihood of a given event, 


mates of the 
and certain 
py needs and 


factors. 
ider a few relevant facts 


Let us cons t 
about perception. The first of these 1s 
that the threshold of recognition for 


stimuli presented by visual, auditory, or 


other means is not only a function of 
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the time, intensity, or “fittingness” of 
the stimulus input, but also varies mas- 
sively as a function of the number of 
alternatives for which the perceiver is 
set. The size of the expected array, to 
say it another way, increases the iden- 
tification threshold for any item in the 
array. Typical examples of this gen- 
eral finding are contained in papers by 
Miller, Heise, and Lichten (62) and by 
Bruner, Miller, and Zimmerman (10). 
The actual shape of the function need 
not concern us, save that it is quite clear 
that it is not what one would expect 
from a simple binary system with a fixed 
channel capacity. What we are saying 
holds, of course, only for the case where 
the perceiver has learned that all the 
items in the expected array are (a) 
equiprobable and (b) independent, one 
of the other, in order of appearance. 
The first hunch we may propose, 
then, about access-ordering mechanisms 
is that degree of accessibility of coding 
categories to stimulus inputs is related 
to regulation of the number of preac- 
tivated cell assemblies that are operative 
at the time of input. In an earlier 
paper (8), discussing factors that 
strengthen an hypothesis in the sense of 
making it more easily confirmable, I 
proposed that one of the major deter- 
minants of such strength was monopoly: 
where one and only one hypothesis is 
operative with no competing alterna- 
tives, it tends to be more readily con- 
firmable. It is the same general point 
that is being made here. Accessibility, 
then, must have something to do with 
the resolution of competing alternatives. 
As between two arrays of expected al- 
ternatives, each of the same size, we may 
distinguish between them in terms of the 
bias that exists in terms of expected like- 
lihood of occurrence of each alternative. 
If one could characterize the expected al- 
ternatives in terms of probability values, 
one could conceive of the array ranging 
in values from a figure approaching 1.0 at 
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one extreme, to another approaching 0.0 
at the other. The findings with respect 
to perceptual readiness for the alterna- 
tives represented in such an array are 
well known. For a constant-sized ar- 
ray, the greater the estimated likelihood 
of occurrence of an alternative, the more 
readily will the alternative be perceived 
or identified. This is known to be true 
for large arrays, such as the ensemble of 
known words in the English language, 
whose likelihood may be roughly judged 
by their frequency of occurrence in 
printed English (e.g., 40). It is not 
altogether clear that it is the case for 
arrays of expected alternatives that are 
within the so-called span of attention— 
i.e., less than seven or eight alternatives. 
That the principle holds for middling 
arrays of about 20 items has been shown 
by Solomon and Postman (72). 

What is particularly interesting about 
change of accessibility, under conditions 
where estimates of the likelihood of oc- 
currence of alternatives become biased, 
is that the biasing can be produced 
either by a gradual learning process akin 
to probability learning o7 by instruction. 
Thus, Bitterman and Kniffin (5), in- 
vestigating recognition thresholds for 
taboo and neutral words, show that as 
the experiment progresses, there is a 
gradual lowering of threshold for the 
taboo words as the subject comes to 
expect their occurrence. Bruner and 
Postman (14) have similarly shown 
that repeated presentation of stimulus 
materials containing very low-probability 
incongruities leads to a marked decrease 
in threshold time required for recog- 
nizing the incongruous features. At the 
same time, both Cowen and Beier (20) 
and Postman and Crutchfield (70) have 
shown that if a subject is forewarned 
that taboo words are going to be pre- 
sented, his threshold for them will tend 
to be lower than for neutral words, 
whereas it will be higher if no instruc- 
tion is given. In short, preactivation of 
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cell assemblies—assuming for a moment 
that degree of preactivation is the mech- 
anism that represents subjective esti- 
mates of likelihood of occurence of an 
event—such preactivation can be pro- 
duced by gradual learning or quantally 
by instruction. Moreover, biasing may 
A produced by the nature of the situa- 
Aon in which the perceiver is operating. 
recent study by Bruner and Minturn 
(11) illustrates the point. Subjects are 
ae an at brief exposure a broken 
ty pital B with a small separation be- 
ween the vertical and the curved com- 
ones of the letter so that it may be 
meee as a B or as a 13. The man- 
by aoe it is reported is determined 
ee ether the subject has previously 
Bess peee with letters or with num- 
of Mee recognize. In short, expectancy 
a tel 3 or the other context preactivates 
L ed array of categories Or cell-as- 
W ies, not just a single, isolated one. 
Bidar’ the neural correlates of access 
Bikes “ss will look like is anybody's 
for all ashley (52) has remarked that, 
cated our searching, we have not lo- 
in th a specific memory trace—either 
a EEA form of a reverberatory circuit, 
Posed te change in fiber size as pTO- 
(21) y J. Z. Young (88) and Eccles 
of aba synaptic knob—in the manner 
orm ente de No (57) or in any known 
activat T be sure, Penfield (64) has 
trica] a memories by punctate elec- 
salon imulation of the cortex, but this 
Neural & remove from a definition of the 
time se sano of the trace. For the 
erms ia: one does better to deal in 
tace g the formal properties that a 
one’s cae must exhibit than to rest 
Physio. chological model on any neuro- 
k ogical or anatomical conception 
Aa oiy trace. 
an clearly, one of the formal 
ements, of a trace system is that its 
Us input vary in accessibility to stimu- 
have a with the kinds of conditions we 
Onsidered. It is instructive to 
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note that when a theory of traces lacks 
this feature, it ceases to be useful in 
dealing with the wide range of per- 
ceptual categorizing phenomena of which 
we now have knowledge. Gestalt theory 
isa case in point. According to Kohler’s 
view (48), a stimulus process “finds” 
its appropriate memory trace, resulting 
in identification of the stimulus process, 
on the basis of distinctive similarity be- 
tween stimulus process and memory 
trace. ‘The theory has been criticized, 
justly I think, for failing to specify the 
nature of this similarity save by saying 
that it is a neural isomorph of phe- 
nomenal similarity. But since similarity 
may be highly selective—two objects 
may be alike in color but differ in 
dozens of other respects—there is ob- 
viously some tertium quid that deter- 
mines the basis of similarity. More 
serious still is the inability of such a 
theory to deal with the increased likeli- 
hood of categorization in terms of par- 
ticular traces as a function of changes 
in search set or subjective likelihood 
estimates. The Bruner-Minturn results 
would require that, as between two 
traces with which a stimulus process 
may make contact, each equally “simi- 
lar” to the stimulus, the stimulus process 
will make contact with the one having 
a higher probability of being matched by 
environmental events. This is interest- 
ing, but it is far from the spirit of 


Gestalt theory. 


Match-Mismatch Processes 
readily conceive of and, in- 
apparatus that will ac- 
cept or reject inputs on the basis of 
whether or not they fulfill certain speci- 
fications. Selfridge (71) has constructed 
a machine to read letters, Fry (24) has 
one that will discriminate various pho- 
nemes, and Uttley (80) has constructed 
one that, like Tinbergen’s graylay geese, 
the flying silhouette of a 


ill recognize 
predator hawk. All such machines have 


One may 
deed, build an 
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in common that they require a match 
between a stimulus input and various 
specifications required by the sorting 
mechanism of the machine. 

In the examples just given, there is no 
consequence generated by whether a 
given input fulfills the specifications re- 
quired by the identifying machine. It 
fits or it doesn’t fit. But now let us 
build in two other features. The first 
is that the machine emit a signal to in- 
dicate how closely any given input comes 
to fulfilling the specifications required: 
either by indicating how many attributes 
the object has in common with the 
specifications, or by indicating how far 
off the mark on any given attribute di- 
mension a given input is. The second 
is that the machine do something on 
the basis of these signals: to increase 
sensitivity if an object is within a given 
distance of specifications for a closer 
look, or to decrease it if the object is 
further than a certain amount from 
specifications, or to stop registering fur- 
ther if the input fits. 

In short, one can imagine a nervous 
system that emits all-or-none match- 
mismatch signals or graded match-mis- 
match signals, and one can also imagine 
that these signals could then feed into 
an effector system to regulate activity 
relevant to continuing search behavior 
for a fitting object, or to regulate other 
forms of activity. MacKay (59) has 
recently proposed such a model. 

We must return for a moment to an 
earlier discussion. In the discussion of 
cue utilization, a distinction was made 
between three phases of “openness” in 
cue search. The first was one in which 
a given input was being scanned for its 
properties so as to place it in one of a 
relatively large set of possible alterna- 
tive categories. Here one would register 

on as many features of an object as 
possible. In a second stage, the input 
has been tentatively placed, and the 
search is limited to confirming or in- 


JeroME S. BRUNER 


firming criterial cues. Finally, with 
more definite placement, cue search is 
suspended and deviations from specifica- 
tion may even be “normalized.” It is 
for the regulation of such patterns of 
search or cue utilization that some mech- 
anism such as match-mismatch signal- 
ing is postulated. 

Let it be said that while match- 
mismatch signaling-effector systems are 
readily conceivable and readily con- 
structed, there is no knowledge available 
as to how a system like the nervous sys- 
tem might effect such a process. That 
there is feedback all over the system is 
quite apparent from its detailed anat- 
omy, and this is the process out of 
which a larger-scale system such as we 
have described would be constructed. 


Gating Processes 


The picture thus far presented is of 
a conceptual nervous system with a mas- 
sive afferent intake that manages some- 
how to sort inputs into appropriate as- 
semblies of varying accessibility. It 
seems unlikely that this is the nature of 
the nervous system, that there should 
be no gating or monitoring of stimulus 
input short of what occurs at higher 
centers. It is with this more peripheral 
form of screening of inputs that we shall 
now be concerned. 

It has long been known that the con- 
cept of the “adequate stimulus” could 
not simply be defined as a change in en- 
vironmental energy sufficient to stimu- 
late a receptor. For quite evidently, a 
stimulus could be peripherally adequate 
in this sense and not be “centrally” ade- 
quate at all, either in eliciting electrical 
activity in the cortex or in producing & 
verbal report of a change in experience 
by the subject. Indeed, the very nature 
of such complex receptor surfaces as the 
retina argues against such a simple no- 
tion of “adequate stimulus,” For the 
reactivity of even a retinal cell at the 
fovea seems to be “gated” by the state 
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ae of neighboring cells. 
Seria ae A, B, and C lie next each 
of Bs at order in a row, stimulation 
A Een ie the sensitivity of C. If 
maci e stimulated, B is suppressed 
tivity oe or heightened in sensi- 
synapse F ia at the level of the first 
elon, a sensory system, there is 
utincial outward or gating from in- 
Rtas 5 to receptor cells that pro- 
me oe nature of the input that can 
occ: Ana sensory system. And to 
petcepti ere are many phenomena in 
kind oo itself that speak for this same 
upon ea a When we are fixated 
figure, th vase in the Rubin reversible 
surfacy e background recedes, is less 
a a in general seems to provide 
tf sensor y less centrally adequate form 
of S Seo So too with the studies 
where a (87) and Chapman (19) 
Severa] T set to report on one of 
Stine a tributes of briefly presented 
with PS eae their selective task 

e folie of ability to discriminate on 

Rén A utes for which they had not 
p omen We shall propose that such 
a gatin a are very likely mediated by 

efore J Process which “filters” input 

Ste ver it reaches the cortex. 

Ysiolo ìs now a growing body of neuro- 
teenie evidence that part of this 
eral Jey al process is relegated to periph- 

8 far ih of the nervous system—even 
Clalized s as the second synapse of spe- 
Paper J ensory systems. In an earlier 
thay „I Used the rather fanciful phrase 
Toni a ption. acts sometimes as 4 
Screen; g committee and sometimes as 
that aha committee.” It now appears 
the entr these committees are closer to 
Ceiveq ance port than previously Con- 


Corsi 
m ma first the evidence of Kuffler 
aS the aa (50) on so simple a “reflex” 
Scle am reflex of the biceps femoris 
nerve. m the cat in an isolated spinal 
tle al preparation. Recall a lit- 
omy first. Muscle tissue CON- 


139 


tains special cells called spindles that 
are receptors in function, discharging 
with contraction or stretch of the muscle 
in which they are imbedded. The mus- 
cle itself is innervated by an efferent 
nerve trunk emerging from the ventral 
horn of the spinal cord and, in turn, 
an afferent nerve travels to the dorsal 
root of the spinal cord. According to 
the classical law of Bell and Magendie, 
the ventral root of the spinal cord car- 
ries efferent-motor impulses down to the 
muscles, while the dorsal root carries 
sensory impulses up to the cord. Now, 
it has been known for a long time that 
the presumed efferent nerve going to 
muscles carries fibers of large and of 
small diameter. A quarter-century ag0 
Eccles and Sherrington showed that the 
ventral nerve branch supplying the bi- 
ceps femoris of the cat shows a “strik- 
ing division of the fibers into two diam- 
eter groups” (49), one group centering 
around 5» in diameter, the other around 
15 or 16u. The large fibers are, of 
course, fast conductors, the small ones 
slow. Leksell (55) has shown that stim- 
ulation of the slow-conducting smaller 
fibers did not cause detectable contrac- 
tions or propagated muscle impulses. 
When the larger and fast-conducting 
fibers are stimulated, the usual motor- 
unit twitch occurred. Kutffler and Hunt 
(50) state that, in the lumbosacral out- 
flow, about 2% of the fibers are of the 
large-diameter, fast-conduction type; the 
other third are of the small type that in 
mammalia are “ineffective in directly 
setting Up significant muscular contrac- 
tion.” There has been much speculation 
about what these fibers are there for, 
and the answer is now fairly clear. It 
is revolutionary in its implications and 
brings deeply into question both the 
classical Bell-Magendie law and the 
simplistic notion of the reflex arc on 
which so much of American learning 


theory is based. 


Tt is this. The small fibers of the 
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presumably motor trunk go to the spin- 
dle cells and the activity in these fibers 
serve to modulate or gate the receptivity 
of these specialized sensory endings. 
For example, if the small-diameter fibers 
are firing into the muscle spindle it may 
speed up the amount of firing from this 
cell into the afferent nerve that is pro- 
duced by a given amount of stretch ten- 
sion on the muscle. We need not go 
into detail here. It suffices to note that 
the state of presumed motor discharge 
does not simply innervate the muscle; it 
also regulates the amount and kind -of 
kinesthetic sensory discharge that the 
sensory cells in the muscle will send 
back to the central nervous system. In- 
stead of thinking of a stimulus-response 
reflex arc, it becomes necessary even at 
this peripheral level to think of the ef- 
ferent portion of the arc acting back on 
sensory receptors to change the nature 
of the stimulus that can get through. 
Two additional pieces of evidence on 
gating mechanisms at higher levels of 
integration may be cited. Where vision 
is concerned, Granit (32) has recently 
shown that pupillary changes produced 
by the ciliary muscle of the eye create 
changes in the pattern of firing of the 
retina: changes in muscular state work- 
ing its way back through the nervous 
system into the visual system and back 
outward to the retina. There is also 
evidence of gating working from the 
visual system backward in the opposite 
direction: during binocular rivalry, the 
nondominant eye shows a less sensitive 
pupillary reflex than the dominant eye. 
Finally, we may cite the recent evi- 
dence of Hernandez-Péon, Scherrer, and 
Jouvet (38) working in Magoun’s lab- 
oratory, work confirmed by analogous 
findings of Golambos, Sheatz, and Ver- 
nier (28) at the Walter Reed Hospital. 
If one stimulates the cat with auditory 
clicks, it is possible to record an evoked 
spike potential from the cochlear nu- 
cleus. Repetition of the clicks leads 
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to a gradual diminution of the evoked 
potential, as if the organism were adapt- 
ing. It is quite extraordinary that such 
adaptation should be registered as far 
out peripherally as the cochlear nucleus, 
which is, after all, only the second 
synapse of the VIIIth nerve. Now, if 
the clicks are previously used as condi- 
tioned stimuli signaling shock, the dimi- 
nution of the evoked potential no longer 
occurs upon repetition of the clicks. 
Evidence that the response from the 
brain is not being produced by the mus- 
cular activity produced by the click as 
a conditioned stimulus is provided by 
the fact that the same kind of effects are 
obtained from cats with temporarily in- 
duced muscular paralysis. Further, if 
one take a cat whose cochlear nucleus is 
still firing upon click stimulation and 
introduce a mouse into its visual field, 
the clicks no longer evoke a spike po- 
tential. A fish odor or a shock to the 
paw has the same effect of inhibiting 
spike potentials at the cochlear nucleus, 
if these distracting stimuli occur COn- 
currently with the click. “Distraction” 
or “shifting of attention” appears tO 
work its way outward to the cochlear 
nucleus.’ 

Perhaps the foregoing account has 
been needlessly detailed on the side of 
neurophysiology. Yet, the interesting 
implications of the findings for per- 
ceptual theory make such an excursion 
worth while. That the nervous syste™ 
accomplishes something like gating !5 
quite clear, even without the neurophys! 
ological evidence. The data of behavior 
are full of examples, and the phenomena 
of attention require some such mecha- 
nism to be explained. Indeed, it is quite 


? Since the above was written, evidence has 
been presented by Golambos indicating tha 
efferently controlled inhibition operates aS far 
out to the periphery as the hair cells of the 
organ of Corti and fibers carrying such 1°” 
hibitory impulses have been traced as far cen- 
trally as the superior olivary nucleus—not a Ae 
far, but a start. 
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clear that the nervous system must be 
capable of more selective gating than 
physiology has yet been able to discover. 
That is to say, there must be a filter 
oe in the cat’s nervous system 
that will “pass” the squeak of the mouse 
en Hernandez-Péon experiment but 
iti e cough of the experimenter. And 

is to this problem that we turn now. 
oe propose that one of the mech- 
Phas operative in regulating search 
ie 5 ior is some sort of gating or filter- 
ah ystem. In the preceding section, it 
first eee that the “openness” of the 
tivit: Nace of cue utilization, the “selec- 
oed of the second stage, and the 
o of the third stage were 
match y regulated by a match-mis- 
a aaa What may be pro- 
acre cre is that the degree of “open- 
durin or closedness” to sensory input 
is eect phases of cue utilization 
coed effected by the kind of gating 
Hey. aa we have been considering. 
ftor ora work in intimate detail is far 
Years ‘nown, yet the work of the last 
coe a neurophysiology suggests that 

Havi rawing closer to an answer. 
N considered some general prop- 
ani perception and some possible 
Ti D underlying these, We turn 
cepti o some selected problems in per 
eption better to explore the implica- 


tions of 
V £ 
padi what has thus far been pro 
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Ta the foregoing discussion, it is 
viewin. at veridical perception under 
ess ae or listening conditions that are 
Perce a ideal depends upon a state of 
robabilit 1 readiness that matches the 
Bo of occurrence of events M 
faa of the perceiver. This is true, 

at a only in a statistical sense. 
T most likely to occur is not 
eiver and what will occur, and the pet- 
© th hose readiness is ‘well matched 
€ likelihoods of his environment 


may be duped. In Farquhar’s hand- 
some seventeenth-century phrase: “I 
cowd be mighty foolish, and fancy my- 
self mighty witty; reason still keeps its 
Throne—but it nods a little, that’s all.” 
The only assurance against the nodding 
of reason or probability, under the cir- 
cumstances, is the maintenance of a 
flexibility of readiness: an ability to per- 
mit one’s hypotheses about what it is 
that is to be perceptually encountered 
to be easily infirmed by sensory input. 
But this is a topic for later. 

There appear to be two antidotes to 
nonveridical perception, two ways of 
overcoming inappropriate perceptual 
readinesses. The one is a re-education 
of the misperceiver’s expectancies con- 
cerning the events he is to encounter. 
The other is the “constant close look.” 
If the re-education succeeds in produc- 
ing a better match between internal ex- 
pectancies and external event-proba- 
bilities, the danger of misperception 
under hurried or substandard conditions 
of perceiving is lessened. But the mat- 
ter of re-educating perceptual expect- 
ancies is complex. For where conse- 
quences are grave, expectancy concern- 
ing what may be encountered does not 
change easily, even with continued op- 
portunity to test the environment. In 
this concluding section we shall consider 
factors that contribute to 
tual «ynreadiness” that 
either fail to match the likelihood of en- 
vironmental events or fail to ‘reflect the 
requirements of adjustment or both. 

Before turning to this task, a word is 
in order about the “constant close look” 
as an antidote to inappropriate percep- 
tual readiness. There is for every cate- 
gory of objects that has been estab- 
he organism a stimulus input 
t duration and cue redundancy 
if the stimulus input fits the 
cations of the category, it will 
eventually be correctly perceived as an 
exemplar of that category. With enough 


some of the 
states of percep 
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time and enough testing of defining cues, 
such “best fit” perceiving can be ac- 
complished for most but not all classes 
of environmental events with which the 
person has contact. There are some 
objects whose cues to identity are suf- 
ficiently equivocal so that no such reso- 
lution can be achieved, and these are 
mostly in the sphere of so-called in- 
terpersonal perception: perceiving the 
states of other people, their character- 
istics, intentions, etc., on the basis of 
external signs. And since this is the 
domain where misperception can have 
the most chronic if not the most acute 
consequences, it is doubtful whether a 
therapeutic regimen of “close looking” 
will aid the misperceiver much in deal- 
ing with more complex cue patterns. 
But the greatest difficulty rests in the 
fact that the cost of close looks is gen- 
erally too high under the conditions of 
speed, risk, and limited capacity im- 
posed upon organisms by their environ- 
ment or their constitutions. The ability 
to use minimal cues quickly in cate- 
gorizing the events of the environment 
is what gives the organism its lead time 
in adjusting to events. Pause and close 
inspection inevitably cut down on this 
precious interval for adjustment. 


Inappropriate Categories 


Perhaps the most primitive form of 
perceptual unreadiness for dealing with 
a particular environment is the case in 
which the perceiver has a set of cate- 
gories that are inappropriate for ade- 
quate prediction of his environment. A 
frequently cited example of such a case 
is Bartlett’s account (3) of the African 
visitors in London who perceived the 
London bobbies as especially friendly 
because they frequently raised their right 
hand, palm forward, to the approach- 
ing traffic. The cue-category inference 
was, of course, incorrect, and they should 
have identified the cue as a signal for 
stopping traffic. The example, however, 
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is not particularly interesting because 
it is a transient phenomenon, soon cor- 
rected by instruction. 

A more interesting example, because 
it is far less tractable, is provided by 
second-language learning and the learn- 
ing of a new phonemic system. Why 
is it, we may ask, that a person can 
learn the structure of a new language, 
its form classes, morphemes, lexemes, 
and so on, but still retain a “foreign 
accent” which he cannot, after a while, 
distinguish from the speech flow of na- 
tive speakers around him? And why is 
it that a person learning a new language 
can follow the speech of a person with 
his own kind of foreign accent more 
readily than he can follow a native 
speaker? The answer lies, I think, in 
the phenomenon of postcategorization 
sensory gating: once an utterance has 
been “understood” or decoded in ap- 
propriate categories, on the basis of some 
of the diacritica of the speech flow, the 
remaining features are assimilated or 
normalized or screened out, The pho- 
nemic categories that are used, more- 
over, are modifications of those in the 
first language of the speaker. Normal- 
ization is in the direction of these first- 
language phonemic categories. It is 
only by a special effort that, after hav- 
ing achieved adequate comprehension of 
the second language, one can remain 
sensorially “open” enough to register 
on the deviation between his own pho- 
nemic pattern and that of native speak- 
ers. And since there is common cate- 
gorization of the “meaning” of utter- 
ances by the native speaker and the 
fluent foreigner, there is no built-in in- 
centive for the foreigner to maintain 4 
cognitively strainful regimen of attend- 
ing further to speech sounds, 

Lenneberg (56) has recently show? 
the difficulties involved in learning new 
modes of categorizing such continua 45 
chromatic colors. He taught subjects 
various nonsense languages, explaining 
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to them that the words were Hopi names 
for colors and that their task was to 
learn what colors they stood for. His 
stimulus materials were graded Munsell 
colors going in a circle from brown, 
through green, through blue, through 
pink, and then back to brown. A stand- 
aoe group was used to find the 
requency distribution of color naming 
over the circle when the English color 
names mentioned above were used. Ex- 
aga groups, six in number, were 
of e each being exposed to the use 
a e nonsense color names “as these 
ee by the Hopi.” Then they were 
first on their usage of the names. A 
tnd was taught the nonsense words 
pate correspondence to the usage 
Deda for the standardizing group 0” 
ee blue, green, and pink. The other 
alee given distorted usage train- 
E heal from English usage. The 
i ortions were both in the slopes of the 
Gene of usage and in the points on 
color continua where the highest 
Pi frequencies fell. That is to Say, 
ae of a distribution in some 
ish ae fall at a color which in Eng- 
ie ad no specific name, or fall be- 
TE two English categories. 

Mra principal results of the experi- 
proba sit these. If the reference and 
Ahn ility relationship is the same for 
mie language as it is for English, 
denies is very rapid. The slightest 
creases at from this correspondence 1M- 
edly S - ifficulty of learning quite mark- 
$ E is disturbing either to shift 
continu er of the categories on the color 
the on or to change the shape of 
when os functions, even 
tive (i ese are made more determina- 
mally sy rectilinear) than they nor- 
Pi A shift in the shape of the 
TE a ee functions is more 
Sauls t an a shift in placement on 
Striking į continuum. What is quite 
Pequency. that a highly determinative 
-of-calling function can be 
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learned much more rapidly than one in 
which there is a gradual transition in 
color naming from one color to another 
on the color continuum. 

Now, I suspect that the difficulty in 
learning a set of neighboring categories 
with a state of equivocality prevailing in 
the area between the “typical instances” 
of each category comes precisely from 
the tendency to normalize in the direc- 
tion of the center of one category or the 
other. If there is a sharp transition be- 
tween one color category and another, 
this tendency aids learning. If the 
transition is gradual, it hinders it. For 
it is noteworthy, as in the experiment 
of Bruner, Postman, and Rodrigues (16) 
that equivocal colors are readily sub- 
ject to assimilation in the direction of 
expected value. 

Tt is perhaps in the realm of social 
perception, where the problem of vali- 
dating one’s categorizations is severe, 
that one finds the most striking effects 
of inappropriate category systems. What 
is meant here by validation is the test- 
ing of the predictions inherent in a 
categorization. If, on the þasis of a few 
cues of personal appearance, for ex- 
ample, one categorizes another person 
as dishonest, it is extremely difficult in 
most cases to check for the other cues 
that one would predict might be asso- 
ciated with instances of this category. 
There is either a delay or an absence of 
opportunity for additional cue checking. 
Moreover, there is also the likelihood, 
since cues themselves are SO equivocal in 
such a case, that available equivocal 
signs will be distorted in such a mannet 
as to confirm the first impression. It is 
much as in the experiments of Asch (2) 
and of Haire and Grunes (33) on the 
formation of first impressions, where 
later cues encountered are cognitively 
transformed so as to support the first 
impression. The reticence of the man 
we categorize as dishonest is seen as 
“eaginess;” the “honest” man’s reticence 
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is seen as “integrity” and “good judg- 
ment.” y 

It is perhaps because of this difficulty 
of infirming such categorial judgments 
that an inappropriate category system 
can be so hard to change. The slum boy 
who rises to the top in science can 
change his categories for coding the 
events of the physical world quite read- 
ily. He has much more difficulty in 
altering the socially related category 
system with which he codes the phe- 
nomena of the social world around him. 


Inappropriate Accessibility Ordering 


Perhaps the most noticeable “percep- 
tual unreadiness” comes from interfer- 
ence with good probability learning by 
wishes and fears. I have in mind the 
kind of distorted expectancies that arise 
when the desirability or undesirability 
of events distorts the learning of their 
probability of occurrence. The experi- 
ments of Marks (60) and of Irwin (41), 
cited earlier, are simplified examples of 
the way in which desired outcomes in- 
crease estimates of their likelihood of 
occurrence. Certain more persistent 
general personality tendencies also op- 
erate in this sphere. It is indeed the 
case that some people are readier to 
expect and therefore quicker to perceive 
the least desirable event among an array 
of expected events, and others the most 
desired. This is quite clearly a learned 
adjustment to the events one is likely 
to encounter, even if it may be sup- 
ported by temperamental characteristics. 
How such learning occurs, and why it is 
so resistant to correction by exposure to 
environmental events, are hardly clear. 
But one matter that becomes increas- 
ingly clear is that before we can know 
much about how appropriate and inap- 
propriate perceptual readiness is pro- 
duced, we shall have to know much 
more about how organisms learn the 
probabilistic structure of their environ- 
ments. This is a point that Brunswik 
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has made for some years (17), and it is 
one that is now being taken seriously by 
such students of probability learning as 
Bush and Mosteller (18), Bruner, Good- 
now, and Austin (9), Estes (23), Gal- 
anter and Gerstenhaber (25), Hake and 
Hyman (34), Edwards (22), and others. 

There is another important feature of 
learning that affects perceptual . readi- 
ness. It has to do with the range of 
alternatives for which organisms learn 
to be set perceptually. Put the matter 
this way. It is a matter of common ob- 
servation that some people are charac- 
teristically tuned for a narrow range of 
alternatives in the situations in which 
they find themselves. If the environ- 
ment is banal in the sense of containing 
only high probability events and se- 
quences or, more properly, events and 
sequences that are strongly expected, 
then the individual will do well and per- 
ceive with a minimum of pause for close 
looking. But should the environment 
contain unexpected events, unusual se- 
quences, then the result will be a marked 
slowdown in identification and cate- 
gorizing. Cue search must begin again. 
We speak of such people as “rigid” or 
“stuck.” George Klein’s work (46) on 
shifting category judgments suggests 
that, in general, people who are not able 
to shift categorization under gradually 
changing conditions of stimulation tend 
also to show what he describes as “over- 
control” on other cognitive and motiva- 
tional tasks. At the other extreme iS 
specialization upon diversity, and how 
such specialization is learned is equally 
puzzling. I can perhaps best illustrate 
the phenomenon by a commonly ob- 
served pattern found in subjects in ta- 
chistoscopic experiments. There are 
subjects who show rather high thresholds 
of identification generally, and who seem 
to be “weighing” the stimulus in terms 
of a wide array of interpretive cate- 
gories. Jenkin (45) has recently de- 
scribed such perception as “rational- 
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ized,” the subject describing what he 
sees as “like a so-and-so” rather than, 
as in the “projective” response, report- 
ing it “as a so-and-so.” It is as if 
the former type of response involved a 
greater cue searching of stimulus inputs 
for a fit to a wide range of things that 
a could be.” It is also very likely 
piat premature sensory gating occurs in 
individuals with a tendency to be set for 
aes array of alternatives, lead- 
that ee into error. The topic is one 
nee ge closer investigation. To any- 
mol o has had much experience in ob- 
it e subjects in tachistoscopic work, 
ore i intuitively evident that there 
sibl arge and individual differences pos- 
y worth examining here. 
eee finally to the vexing prob- 
oa ns perceptual defense”—the man- 
ok n pebisiporganians utilize their per- 
= oe readiness to ward off events that 
TE reatening but about which there 1s 
foolish they can do. There has been 
this t and some bitter ink spilled over 
hace mostly because of a misunder- 
oe HA The notion of perceptual de- 
ego does not require a little homuncular 
s: es behind a Judas-eye, capable 
TEA out any input that is potentially 
F ae even so able a critic as 
Preset Apart (1) seems to think. Any 
a Itering device can do all that 1s 
‘quired. 

nie na begin with the general propo- 
often that failure to perceive is most 
matt not a lack of perceiving but @ 
i of interference with perceiving. 
Bote 4 the interference? I would pro- 
cate iat the interference comes from 
ec ations in highly accessible cate- 
Cate z that serve to block alternative 
poe hans, in less accessible cate- 
tion a Asa highly speculative sugges- 
ikely ies mechanism that seems most 
Probably mediate such interference iS 
ceptan Y the broadening of category ac- 
readi ce limits when a high state of 
ness to perceive prevails; or, 7 the 


language of the preceding section, the 
range of inputs that will produce a 
match signal for a category increases in 
such a way that more accessible cate- 
gories are likely to “capture” poor-fitting 
sensory inputs. We have already con- 
sidered some evidence for increase in ac- 
ceptance limits under high readiness con- 
ditions: the tendency to see a red four of 
clubs as either a four of diamonds or a 
four of clubs, with color-suit relation- 
ship rectified ( 14), the difficulty of 
spotting reversed letters imbedded in 
the middle of a word (69), and so on. 
Let us examine some experimental 
evidence on the role of interference in 
perceptual failure. Wyatt and Campbell 
(86) have shown that if a subject de- 
velops a wrong hypothesis about the 
nature of what is being presented to 
him for perception at suboptimal condi- 
tions, the perception of the object in 
terms of its conventional identity is ` 
slowed down. This observation has 
been repeated in other studies as well. 
Postman and Bruner (68), for example, 
have shown that if a subject is put under 
pressure by the experimenter and given 
to believe that he is operating below 
standard, then he will develop prema- 
ture hypotheses that interfere with cor- 
rect perception of the word stimuli be- 
ing presented tohim. The authors refer 
to “perceptual recklessness” as charac- 
terizing the stressed subjects in contrast 
to those who operated under normal ex- 
perimental conditions. It may well be, 
just in passing, that stress has not only 
the specific effect of leading to prema- 
ture, interfering hypotheses but that it 
disrupts the normal operation of match- 
mismatch signaling systems 1m the nerv- 
ous system. Unpublished studies from 
our own laboratory carried out by 
Bruner, Postman, and John (15) have 
shown the manner in which subjects mis- 
perceive low-probability contingencies 
in terms of higher probability categories. 
For example, a subject in the experi- 
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mental group is shown tachistoscopically 
a picture of a discus thrower, wound up 
and ready to throw. In his balancing 
arm and placed across the front of him 
is a large bass viol. A control subject 
is shown the same picture, the exact 
space filled by the bass viol now being 
occupied by the crouching figure of a 
track official with his back to the camera. 
The brightness, shading, and area of 
the viol and the official are almost iden- 
tical. Subjects begin by identifying the 
first flash of the picture as an athlete 
with a shadow across him. The subjects 
faced with the incongruous picture then 
go on with reasonable hypotheses—in- 
cluding the hypothesis of a crouching 
human figure, “probably an official,” as 
one subject put it—and in the process 
of running through the gamut of likely 
hypotheses, correct perception is inter- 
fered with. It will not surprise you if I 
report that the threshold for the incon- 
gruous stimulus picture js markedly 
higher than that for the more conven- 
tional one. 

Hypotheses and states of readiness 
may interfere with correct perception in 
yet another way: by creating a shifting 
“noise” background that masks the cues 
that might be used for identifying an 
environmental event. At the common- 
sense level this can best be illustrated 
by reference to perceptual-motor learn- 
ing where kinesthetic cues are of im- 
portance. In teaching a person how to 
cast a fly, it is necessary for him to 
guide his forward delivery by feeling the 
gentle pressure release that occurs when 
the line reaches the end of its uncurving 
on the backcast. If your flycasting 
pupil is too eager to spot this cue, he 
will be rather tense, and his own mus- 
cular tension will mask the gentle pres- 
sure release that he must use as a signal. 

A good instance is provided by the 
experiment of Goodnow and Pettigrew 
(30) at Harvard. It is concerned with 
the ability of subjects to perceive a regu- 
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larity in a sequence of events—a very 
simple regularity, like the alternation 
left-right-left-right. . . . The experiment 
is done on a conventional two-armed 
bandit, the subject having the task of 
betting on whether a light will appear 
on the left or on the right. The task is 
simple. A subject is first given some 
pretraining, in one of four pretraining 
groups. One is given pretraining by 
learning a simple alternation pattern of 
payoff, another is trained to find the 
payoff all on one side (not easy for all 
subjects), a third is trained to find the 
pattern LLRLLR ... , and a final group 
is given no pretraining. Following the 
Pretraining and without pause, all sub- 
jects are given a series of 60 choices in 
which the payoff is randomly arranged, 
the two sides totaling out to 50:50, Im- 
mediately following this random phase, 
and again without pause, the payoffs 
now go into a stage of simple alterna- 
tion, LRLR. . . . How long does it take 
the subject to perceive the regularity of 
the final temporal pattern? The speed 
of discovery depends, it turns out, upon 
the kinds of behavioral hypotheses a 
subject develops during the phase of 
random payoff. If he develops any 
regularity of response—like win-stay- 
lose-shift or win-shift-lose-stay—then he 
will quickly spot the new pattern. Pre- 
training on a constant one-side payoff 
or on single alternation both produce 
such regularity, and both forms of pre- 
training produce equally good results— 
the subject requiring but eight or nine 
exposures to the pattern introduced after 
the random phase to begin responding 
without error. No pretraining, or pre- 
training on the pattern LLRLLR . . -> 
does not produce the regularity of re- 
Sponse required. Instead, the subject 
works on odd and constantly shifting 
hypotheses during the random period. 
When the single-alternation regularity 35 
introduced, the result is a marked re- 
duction in ability to spot the new pat- 
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tern—some subjects failing to discover 
the pattern in 200 trials. What we are 
dealing with here is interference—hy- 
potheses and responses serve to mask the 
ae of events in the environment. 
heer for an environmental regu- 
arity to be perceived, there has to be a 
certain amount of steadiness in the hy- 
Potheses being employed and in the re- 
sponse pattern that is controlled by it. 
Short of this, masking and clumsy per- 

ceptual performance results. 
a a what has all this to do with “per- 
see defense”? The concept was 1n- 
ne, uced some years ago by Postman 
fan myself as a description of the phe- 
enon of failure to perceive and/or 
oa material known by independent 
subj o be regarded as inimical by the 
= ig It was proposed (13) that 
tat was a hierarchy of thresholds, and 
ne tae incoming stimulus could be re- 
of ed to without its reaching the level 
teportable experience—as in the Mc- 
“ay (58) and Lazarus and Mc- 
ces (54) studies, where autonomic 
fen ~ followed presentation of a po- 
subj ally traumatic stimulus without the 
Geo being able to give a report of 
of mae of the stimulus. The study 
furth ricker and Chapanis (6) threw 
zich er light on the concept of a hier- 
et on. thresholds by demonstrating 
sponta ough subjects could not report 
a neously on the identity of the 
i syllables used by Lazarus and Mc- 
Riese » they could guess them well in 
Choice a chance if given a restricted 
Gem ee what word had been 
ad Suet I would like to propose two 
allure nal factors that might lead to 4 
ative n of perception of emotionally neg- 

Material. 

Proban onceivable that the estimates of 
events — of occurrence of disvalued 
=sesšenti in some individuals, reduced 
Observe vere the obverse of what was 
and in the experiments of Marks 
Irwin (41), where probability 
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estimates were inflated by desirability. 
If accessibility is decreased by such dis- 
valuation, then a cognitive counterpart 
of what is clinically called “repression” 
can be posited. It is known, however, 
that not everyone shows this tendency 
to be unready for objects and events 
that are anxiety-arousing. Others seem 
to inflate their estimate of the likelihood 
of occurrence of inimical events. Cer- 
tainly one finds clinical evidence for 
such a pattern among anxiety neurotics. 
In an early paper, Postman and Bruner 
(68) described two types of performance 
with respect to known anxiety-produc- 
ing stimuli, defense and vigilance, the 
former a heightened threshold of iden- 
tification for such stimuli, the latter a 
lowered threshold. In a carefully de- 
signed experiment contrasting the per- 
formance of clinically diagnosed “intel- 
lectualizers” and “repressors,” Lazarus, 
Eriksen, and Fonda (53) have shown 
that the former group indeed are faster 
in recognizing negatively charged mate- 
rial than they are in recognizing neutral 
material, while the latter show the re- 
verse tendency. Again, I find it neces- 
sary to revert to a point made earlier. 
I do not think that we are going to get 
much further ahead in understanding 
hyper- and hyporeadiness for encounter- 
ing anxiety-evoking stimuli short of do- 
ing studies of the learning of environ- 
mental probabilities for sequences con- 
taining noxious and beneficial events. 
One additional mechanism that may 
be operative in lowering or generally in 
altering readiness to perceive material 
that in some way may be threatening. I 
hesitate to speak of it in detail, since it 
is of such a speculative order, and do so 
only because some experiments suggest 
themselves. It is this. Conceivably, 
categories for classes of objects that are 
pain-arousing are set up with narrow 
acceptance limits for stimulus inputs re- 
lated to them. That is to say, what we 
speak of as “repression” may be the 
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establishment of very narrow category 
limits that prevent the evocation of 
match signals for inputs that do not fit 
category specifications very precisely. 
I am mindful that as far as autonomic 
reactivity is concerned potentially trau- 
matic stimuli work in quite the reverse 
direction. If anything, a wide range of 
objects, appropriate and inappropriate, 
arouse autonomic reactions, without 
leading to verbalizable report concern- 
ing the categorial identity of the eliciting 
objects. Yet it is conceivable that with 
respect to one kind of threshold (auto- 
nomic) the acceptance limits are broad, 
and with respect to another (reportable 
awareness) very narrow. I think it 
would be worth while in any case to in- 
vestigate the acceptance limits of inimi- 
cal stimulus inputs by altering the char- 
acteristics of objects so that, in essence, 
one gets a generalization gradient for 
recognition. My guess is that the gra- 
dient will be much steeper for anxiety- 
arousing stimuli than for neutral ones. 
All that remains is to do the experiment. 
Finally, it may also be the case that 
category accessibility reflects the instru- 
mental relevance of the environmental 
events they represent. There is evidence 
that the recognition threshold for noxious 
objects about which one can do some- 
thing is lower than normal, whereas for 
ones about which nothing instrumental 
can be done, the threshold is higher. 
That is to say, words that signal a shock 
that can be avoided show lowered thresh- 
olds, words signaling unavoidable shock 
show a threshold rise. One may well 
speculate whether the instrumental rele- 
vance of objects is not a controlling fac- 
tor in guiding the kind of search be- 
havior that affects category accessibility. 
The problem needs much more thorough 
investigation than it has received. 

We have touched on various condi- 
tions that might lead a person to be in- 
appropriately set for the events he must 
perceive easily and quickly in his en- 
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vironment. Many other studies could 
be mentioned. But the intention has 
not been to review the rather sprawling 
literature in the field, but to propose 
some possible mechanism affecting readi- 
hess so that research might be given a 
clearer theoretical direction. 


CONCLUSIONS 


We have been concerned in these 
pages with a general view of perception 
that depends upon the construction of a 
set of organized categories in terms of 
which stimulus inputs may be sorted, 
given identity, and given more elabo- 
rated, connotative meaning. Veridical 
perception, it has been urged, depends 
upon the construction of such category 
systems, categories built upon the in- 
ference of identity from cues or signs. 
Identity, in fine, represents the range of 
inferences about properties, uses, and 
consequences that can be predicted from 
the presence of certain criterial cues. 

Perceptual readiness refers to the rel- 
ative accessibility of categories to af- 
ferent stimulus inputs. The more ac- 
cessible a category, the less the stimulus 
input required for it to be sorted in 
terms of the category, given a degree of 
match between the characteristics of the 
input and the specifications of the cate- 
gory. In rough form, there appear to 
be two general determinants of category 
accessibility. One of them is the likeli- 
hood of occurrence of events learned by 
the person in the course of dealing with 
the world of objects and events and the 
redundant sequences in which these are 
imbedded. If you will, the person builds 
a model of the likelihood of events, 2 
form of probability learning only now 
beginning to be understood. Again in 
rough terms, one can think of this ac- 
tivity as achieving a minimization of 
surprise for the organism, A second de- 
terminant of accessibility is the require- 
ments of search dictated by need states 
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and the need to carry out habitual en- 
terprises such as walking, reading, or 
whatever it is that makes up the round 
of daily, habitual life. 

Failure to achieve a state of percep- 
tual readiness that matches the proba- 
bility of events in one’s world can be 
dealt with in one of two ways: either by 
the relearning of categories and ex- 
Sipe or by constant close inspec- 
0. events and objects. Where the 

er alternative must be used, an or- 
aie is put in the position of losing 
at au time for adjusting quickly and 
Bons 3 to events under varying condi- 
et time pressure, risk, and limited 
me pa y. _ Readiness in the sense that 
A re using it is not a luxury, but a 

cessity for smooth adjustment. 
erk processes involved in “sorting” 
fie ry inputs to appropriate categories 
Ee puc utilization, varying from 
eed open” cue searching under 
for oe uncertainty, to selective search 
ate onfirming cues under partial cer- 
fon es sensory “gating” and distor- 

s when an input has been categorized 

vond a certain level of certainty. 
aA kinds of mechanisms are pro- 
of to deal with known phenomena 
eie cepina] categorizing and differ- 
and oho readiness: grouping 
mi egration, access ordering, match- 

Smatch signal utilization, and gating. 
i eles evidence leading one 
and er such processes were examine 
Aes neurological analogues COn- 
Grae The processes are conceived 
Ste mediators of categorizing and its 
te the phenomena of 
aes threshold levels for various 
cue Sees events, the guidance of 
Beihai behavior, and lastly, the phe- 
ing» of sensory inhibition and “filter- 

7 ead » we have considered some of 
readings in which failure of perceptual 
failure Ss comes about—first, through a 

to learn appropriate categories 


for sorting the environment and for fol- 
lowing its sequences, and second, through 
a process of interference whereby more 
accessible categories with wide accept- 
ance limits serve to mask or prevent the 
use of less accessible categories for the 
coding of stimulus inputs. The concept 
of “perceptual defense” may be re-ex- 
amined in the light of these notions. 

In conclusion, it seems appropriate to 
say that the ten years of the so-called 
New Look in perception research seem 
to be coming to a close .with much em- 
pirical work accomplished—a great deal 
of it demonstrational, to be sure, but 
with a promise of a second ten years in 
which hypotheses will be more rigor- 
ously formulated and, conceivably, neu- 
ral mechanisms postulated, if not dis- 
covered. The prospects are anything 


but discouraging. 
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Py ed dealing his critics their deserts, 
ate ner concluded his polemic of 1877 
h a defiant five-line Nachwort (10). 


se of Babel was never finished be- 
Standing workers could not reach an under- 
chophysical how they should build it; my psy- 
ers will ‘a edifice will stand because the work- 

ever agree on how to tear it down. 


Pe aie a century the critics have 
shiner th the edifice in the disorganized 
hey A at inspired no fear in Fechner. 
1 cee ooended that sensation is 
en coe and that it is; that 
that the law is not true, and that it is; 
a prope just noticeable difference is not 
lokata unit, and that it is; that the 
ment a law is not found in experi- 
Echen that it is. As James put it, 
is the s critics flailed about, “smiting 
ot a ories hip and thigh and leaving 
a ri of them standing ..-;” 
Still di e we are a hundred years later 
iCiscussing Fechner. 
bl lesson of history is that a bold 
aa theory that fills a scien- 
hw is seldom broken by the im- 
ly tine ne, facts and arguments. 
Ope to di an alternative theory can we 
isplace a defective one. 

Purpose here is to try to do just 
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that—to try to show that there is a gen- 
eral psychophysical law relating subjec- 
tive magnitude to stimulus magnitude, 
and that this law is simply that equal 
stimulus ratios produce equal subjective 
ratios. On numerous perceptual con- 
tinua, direct assessments of subjective 
magnitude seem to bear an orderly re- 
lation to the magnitude of the stimu- 
lus. To a fair first-order approximation, 
the ratio scales constructed by “direct” 
methods (as opposed to the indirect pro- 
cedures of Fechner) are related to the 
stimulus by a power function of one de- 
gree or another. Evidence for this fact 
is piling up under the impact of ratio- 
scaling procedures whose development 
over the past three decades has given a 
“new look” to psychophysics. The fruits 
of these new pursuits have implications 
and consequences for the traditional 
issues in the area of psychophysics, as 
vell as for certain related issues con- 
category judgments, time- 
order errors, and scaling theory. 

That the Fechnerian philosophy of 
indirect measurement will fade quietly 
away as soon as it has been shown what 
direct methods can achieve is scarcely 
to be counted on, for elaborations and 
applications of this philosophy pervade 
important segments of the psychologi- 
cal activity. Curiously enough, modern 
Fechnerians are found less frequently 
among the psychophysicists than among 
the psychometricians and scale construc- 


cerned with 
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tors. It is they who sometimes assume 
that “equally often noticed differences 
are equal.” As elaborated in Thur- 
stone’s “law of comparative judgment,” 
this principle is essentially Fechner’s 
principle: namely, that the unit of meas- 
urement is given by resolving power. If 
not explicitly, at least by implication, 
this philosophy of indirect measurement 
asserts that all we can know about mag- 
nitude is what confusion tells us. Vari- 
ability becomes the measure of things, 
and the mean is meaningless. But on 
an important class of those simpler psy- 
chological continua where these notions 
are testable, we can show that equally 
often noticed differences are not equal, 
and that a scale proportional to psycho- 
logical magnitude is not achieved by 
procedures that try to transform vari- 
abilities, discriminal dispersions, or con- 
fusions into units of measure. 

Before we consider this point further 
we will need to draw a distinction be- 
tween two classes of continua. 


Two Crasses or CONTINUA 


Perceptual continua divide themselves 
into two general classes (64). The 
nature of this division is suggested in 
a general way by the traditional di- 
chotomy between quantity and quality. 
Continua having to do with how much 
belong to what we have called Class IL 
or prothetic; continua having to do with 
what kind and where (position) belong 
to Class II, or metathetic. Class I 
seems to include, among other things, 
those continua on which discrimination 
is mediated by an additive or prothetic 
process at the physiological level (53, 
67). An example is loudness, where we 
progress along the continuum by add- 
ing excitation to excitation. Class II 
includes continua on which discrimina- 
tion is mediated by a physiological proc- 

ess that is substitutive, or metathetic. 
An example is pitch, where we progress 
along the continuum by substituting ex- 
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‘citation for excitation, i.e., by changing 
` the locus of excitation. 

We know too little about physiologi- 
cal mechanisms to say whether all Class 
I continua are based on additive proc- 
esses or all Class II continua on substi- 
tutive processes, but in those instances 
where the facts seem clear the parallels 
between function and physiology are at 
least suggestive. Until our knowledge 
stands improved, it is perhaps best to 
classify the perceptual continua by the 
pragmatic criteria of the way they be- 
have and to hope that any uniformities 
we can discover will lead to deeper in- 
sights into basic mechanisms. 

Four functional criteria are relevant 
to the distinction between prothetic and 
metathetic continua, although they have 
not all been tested with equal thorough- 
ness. These four criteria concern the 
subjective size of the j.n.d., the form 
of category rating-scales, the time-order 
error, and hysteresis. It is likely, of 
course, that other criteria will be dis- 
covered if we continue to look for them. 

1. Subjective size of the jn.d. I list 
this criterion first because it is the 
growth in the subjective size of the j.n.d. 
as we go up the scale on a Class I 
or prothetic continuum that seems, in a 
sense, to “explain” at least two of the 
other three criteria. Fechner proposed 
that scales can be constructed by count- 
ing off just noticeable differences. The 
implication is that the sensation pro- 
duced by a stimulus 50 j.n.d.’s above 
threshold is half as great as that pro- 
duced by a stimulus 100 j.n.d.’s above 
threshold. The hard fact of the matter 
is that if the typical subject were con- 
fronted with two such stimuli on a Class 
I continuum he would assert with cer- 
tainty that the ratio between the tw? 
sensations is greater than two, because 
scales obtained by summating j.n.d.’s 
are nonlinearly related to ratio scales 9 
subjective magnitude (33, 52). But 
more about this in a later section. 


On THE PSYCHOPHYSICAL Law 


point here is that ‘on Class I, contin s 


; 
a aon s are not equal in subjective 
“oe pe of Class II (metathetic) 
ae <s turn out to be approximately 
aa In subjective size when measured 
The oe scales of the continuum. 
aie see between the mel scale of 
oe ive pitch and the j.n.d. scale for 
oe ncy is a case in point (56) and 
a. ms reasonable to suppose that the 
an inear relation is approximated on 
ti continua as position and inclina- 
ion. 
K Category rating-scales. A cate- 
he is the function ob- 
Sadi en a subject judges a set of 
ERE in terms of a set of categories 
tives Hane by numbers or by adjec- 
a e form of these scales is dif- 
tien to the two kinds of continua. As 
Almanc y studies of a dozen perceptual 
ee rey (64), the category scales on 
Peck Se of Class I are concave down- 
of the en plotted against a ratio scale 
tales subjective magnitude. Category 
lin on continua of Class IL may be 
=e when so plotted. 
a chief factor that produces non- 
rank is in the category scales of Class I 
differen ion in the subject’s sensitivity to 
TIN a Near the lower end of the 
ae ere discrimination is good the 
Soe ries tend to be narrow, and ‘by 
Hate ed the slope of the function 1S 
gitar k ear the upper end, where a 
detect, ng be difference is less easy tO 
slope 7 the categories broaden and the 
ae eclines. Only on Class II con- 
subjes TE sensitivity (measured in 
ane uve units) remains relatively con- 
caties is it ordinarily possible to produce 
i Ea scales that are linearly related 
P Jective magnitude. 
Se continua of Class I on which 
include scales have proved nonlinear 
ousnes popa length, area, numer- 
a duration, heaviness, lightness, 
ness and loudness. Metathetic 
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Fic. 1. J.n.d. scale, category scale, and ratio 
scale for apparent duration. Triangles: Mean 
judgments of 12 subjects who estimated the 
apparent duration of a white noise. Stimuli 
were presented in a different irregular order 
to each subject. Circles: Mean category judg- 
ments made by 16 subjects on a scale from 
1 to 7. The end stimuli were presented at the 
outset to indicate the range, and each subject 
judged each duration twice in a random Or- 
der. Stimulus spacing Wa 
duce a “pure” category scale. 
Summated jn.d.’s, right-hand ordinate. 


continua of Class II on which category 
scales have proved more oF less linear 
include visual position, inclination, pro- 
portion, and pitch. On both types of 
continua alterations in t 

category scale may be produced by 4 
variety of factors, including stimulus 
spacing (or relative frequency of pres- 
entation); landmarks, and differential 


familiarity. 


i d produce 2 “pure” category 
minated by the subject’s 
egarding the frequency 
he should name the various 
n example of an approxi- 
ure category scale is shown 
in Fig This experiment 
was 4 follow-up to the experiments on 
duration reported earlier (64). Guided 
by the outcome of the earlier studies, I 
so spaced the stimuli that the 16 sub- 


categories. 


mation to a P 
ig. 1 (circles)- 
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jects tended to name the various cate- 
gories equally often. The proof that a 
pure category scale has been approxi- 
mated lies in the fact that if we use the 
curve in Fig. 1 to determine what spac- 
ing of the stimuli will mark off equal 
distances along the ordinate, no signifi- 
cant change in the spacing is called for. 
(The technique of experimental itera- 
tion is a powerful device for neutraliz- 
ing certain kinds of bias. For other ex- 
amples of its use see [57, 64, 66].) 
The iterated experiments on duration 
culminating in that shown in Fig. 1 con- 
verge on a category scale that is typi- 
cal of those obtained on continua of 
Class I (prothetic). We note that it is 
concave downward, as expected, and 
that it contrasts sharply with the ratio 
scale (triangles) determined by asking 


PER CENT suDGMENTS 
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Fic. 2. Psychometric functions from 50 
subjects obtained with recorded tests for abil- 
ity to discriminate the pitch and loudness of 
bands of noise. Each test contained 110 test 
items consisting of a standard noise (2 sec- 
onds) followed immediately by a comparison 
noise (2 seconds). The band of noise used in 
the pitch test was shifted up or down the fre- 
quency scale. Note that there is a “time 
error” for loudness but none for pitch. 
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12 subjects to estimate directly the ap- 
parent duration of the stimulus. The 
upward curvature of the ratio scale for 
subjective duration agrees with the re- 
sults of independent experiments in 
which the method of fractionation was 
used to determine the duration that ap- 
peared to be half as long as a standard 
duration (19, 50). 

The curves in Fig. 1 tell us that on a 
prothetic continuum the typical subject 
is unable to equalize the intervals on his 
category scale, even when instructed to 
do so. He fails for the basic reason 
that his ability to tell one magnitude 
from another varies over the scale and 
affects the width of his categories. Since 
he can easily tell 0.5 sec. from 1.0 sec. 
he tends to put them in different cate- 
gories; since he can only with difficulty 
tell 3.5 sec. from 4.0 sec. he tends to 
put them in the same category. Any 
procedure that tries directly or indi- 
rectly to get the subject to’ partition a 
prothetic continuum into equal inter- 
vals seems bound to fail in the general 
case. 

For purposes of comparison, the func- 
tion obtained by counting up j.n.d.’s is 
plotted in Fig. 1 as a dashed curve. 
This curve, based on Woodrow’s (73) 
report that the relative jn.d. for dura- 
tion is of the order of 10 to 12.5 per 
cent, shows the form Fechner’s law pre- 
dicts for the scale of apparent duration. 

3. Time-order error, The so-called 
“time-error” discovered by Fechner has 
been pursued in theory and experiment 
for many decades (23). It reférs to the 
fact that the second of two equal stimuli 
tends to be judged greater than first- 

e have reason to believe that a sys- 
tematic time-order error (as Guilford 
Prefers to call it) is characteristic of 
judgments on Class I continua. On 
Class II continua we neither expect it 
nor do we generally find it. 

This hypothesis was first suggested tO 
me by the troubles we met when we 
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tried to supply the armed forces with 
recorded tests designed to assess pitch 
and loudness discrimination for bands 
of noise (29). Karlin and I discovered 
that it was easy enough to record a 
pitch test whose scoring was straight- 
forward, but how were we to score a 
loudness test when it always showed a 
time-order error? Were we to try to 
explain to the military that, although 
the second stimulus may actually have 
been 0.1 db lower than the first, if the 
soldier called it lower they should mark 
him wrong? We tried to get rid of the 
error by making the transition from the 
standard level to the variable level in- 
stantaneous, but the error was still there. 
We finally solved the issue by avoiding 
it: we dropped the stimulus items whose 
Proper scoring was made ambiguous by 
the time-order error. 

Figure 2 shows results obtained with 
these tests from groups of 50 subjects 
each. (In the course of this work sev- 
eral hundred subjects were tested.) The 
Crossing points of the psychometric func- 
tions show that there is no time-order 
error for pitch, but that for loudness the 
error amounts to about 0.3 db. Similar 
results were obtained when we used the 
Seashore pure-tone tests. Postman (43) 
then took up the problem and confirmed 
Our finding that there is typically a 
time-order error with loudness but not 
with pitch. 
wee perhaps is not the place to try 
ne explain” the time-order error, but I 
it oe to venture an opinion about 
th m of all, it is important to note 
ne the error is typically small—a frac- 
the of a j.n.d.—and hence is close to 
ea limiting “noise level” of our meas- 
oo It is therefore not surpris- 
a Ages the published findings resound 
ee the noise of disagreement. At- 
ai Pts to map the course of the effect 
dise function of time are particularly 
in, Cordant, which is good reason for 81V- 

8 up the name “time-error.” Its de- 


pendence on time is probably fortui- 
tous. As a matter of fact, in an ex- 
periment still in progress (by G. M. 
Shickman) we have obtained the usual 
“time-error” when the subject lifts the 
standard and the comparison weight 
simultaneously, one with each hand. 
What the Fechnerian time-order error 
really seems to depend on is the same 
basic process that makes the category 
scales on Class I (prothetic) continua 
turn out to be concave downward, 
namely, the asymmetry of sensitivity— 
the fact that discrimination is better to- 
ward the low than toward the high end 
of the range. The methods commonly 
used to measure the time-order error 
are essentially similar to those we use 
in category scaling. The subject places 
stimuli in two or more categories like 
heavier, equal, or lighter and the forces 
that determine his judgments are the 
same as in any category scaling pro- 
cedure. (When the method of adjust- 
ment is used with loudness a different 
type of constant error occurs: the vari- 
able tends to be set higher than the 
standard [44], but the sign of the error 
may reverse when the standard is very 
loud [61].) The relation between the 
category scale and the conventional 
time-order error is perhaps best illus- 
trated by means of Fig. 3, where we see 
three category scales for lifted weights 
covering different ranges of stimuli. 
(For a further discussion of these and 
other such curves, see [64].) The 
widest range (Cowdrick [7]) gives the 
usual category curve, concave down- 
ward, and we note that the middle 
weight in the series is assigned a value 
above the middle of the category scale. 
When the range is shortened (Guilford 
and Dingman [25]) the same general 
features are preserved. The shortest 
range is the one used by Fernberger 
(11) to determine a difference limen by 
the method of single stimuli. This 
curve, like the others, fails to pass 
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Fic. 3. Category scales for lifted weight. 


On the middle curve only ever int has 
Asal g y other point 
been plotted. The end stimuli were designated 4 and 12 but the subject could use Ai cate- 
gories if desired. Note that the curves are all concave downward. The fact that they do not 
pass through the point 0 indicates a “time error.” 


through the point 0, which is the point 
defined by the middle of the stimulus 
range and the middle of the category 
scale. The distance between the point 
0 and the point where the curves cross 
the horizontal line through the middle 
of the plot is the time-order error (cf. 
Pratt [46]). It is as simple as that. 
By means of the theory of category 
judgments we can apparently account 
for Fechner’s time-order error without 
the help of such props as sinking traces, 
fading images, OY assimilation. And it 


becomes clear why we should expect to 
find time-order errors on Class I con- 
tinua (prothetic) but not on Class II 
(metathetic). 

One further point. Not only is the 
time-order error produced by other fac- 
tors than time, but it also has nothing 
to do with order. Nor is it necessarily 
an error. The name, like the one give? 
to the Holy Roman Empire, is a mis- 
nomer in all particulars. If my thought 
is correct, that we are dealing here with 
an effect on category judgments that 
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derives from an asymmetry based on 
the relativity of discrimination, a better 
name for it might be the “category ef- 
fect.” Such a label might also help to 
distinguish- this form of bias from other 
sources of systematic “error,” of which 
there are many. Not all constant de- 
viations in psychophysical experiments 
can be blamed on the category effect. 
To take a single example, the observa- 
tion of Fullerton and Cattell (13) that 
the second of two equal light flashes ap- 
pears fainter than the first is probably 
due to an altered state of retinal adapta- 
tion produced by the first flash. In this 
instance an adaptation effect can appar- 
ently override the category effect and 
produce what would conventionally be 
le a positive time error. No doubt 
ere are still other sources of system- 
atic bias in experiments of this sort. 

It is true of course that time may 
play a role in these and other system- 
atic errors, in the sense that the effects 
may vary with the interval between 
judgments. But our problem is first to 
try to discover the basic nature of the 
S nmëtries involved in the various 
SaN of constant errors and then to see 

ow the forces that produce them may 
vary with time. 

4. Hysteresis. Since this word means 
7 eeeing behind, as when magnetization 
A gs behind the magnetizing current, it 
ceems a good term to describe what hap- 
ice when the apparent sense-distances 
ibaa successive stimuli are’ judged in 
in erent orders. The effect shows UP 
a especially dramatic fashion in experi- 
R ents on bisection and equisection. In 
apical experiment on loudness the 
ere sits before a row of five keys 
fag he presses to produce the tones 
noe cps). The levels produced by 
E zo end keys are fixed, 40 db apart, 
ol Aa subject adjusts the levels con- 
ae e by the intermediate keys in OF 
A r to divide a 40-db interval into four 
qual-appearing steps in loudness. 

Where the subject sets the levels de- 
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Fic. 4. Hysteresis effects in judgments of 
intervals on three sensory continua. The ar- 
rows indicate the order of stimulus presenta- 
tion. For brightness and loudness the subject 
adjusted the middle stimuli to divide the range 
into two or four equal-appearing intervals. 
For heaviness the subject lifted three weights 
and indicated the relative apparent position of 


' the middle weight by means of a slider be- 


tween two markers on a bar. Five different 
middle weights were used in ascending and 


descending order. 


pends on whether he listens to the loud- 
nesses in ascending or descending order. 
I found that in the ascending order he 
sets the bisecting level some 5 to 8 

higher than in the descending order. In 
an experiment run to verify this effect, 
Garner (15) found an average discrep- 
ancy of 5.8 db. It is as though the 
loudness the subject hears lags behind 
what he should hear as he goes up oF 
down the scale. As a result of this lag 


the graphs of the functions shown in 


Fig. 4 exhibit a “hysteresis loop”: the 
ascending path is different from the de- 
scending path. Please note, however, 


that in calling this phenomenon hystere- 
describe it, not €x- 


sis I am trying to 
plain it. I am not sure I know how to 


in Fig. 4 the same hysteretic 
the bisection of bright- 
ness intervals and in judgments of the 
intervals between lifted weights. Partly 
the range was shorter (30 db) 


because 2 
the brightness pisections show less hys- 
teresis thal Joudness. Lifted weights, 


on the other hand, show relatively more. 
suggests itself that the 


magnitude of the hysteresis may vary 
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inversely with differential sensitivity. In 
judging the apparent size of the two in- 
tervals between three weights, the sub- 
jects moved the middle of three pointers 
on a steel bar to indicate the relative 
position of the middle weight. Thus we 
see that hysteresis is independent of 
whether the subject himself adjusts the 
stimulus. The same bar and pointers 
were also used for judgments of loud- 
ness, and the resulting hysteresis was 
essentially similar to that shown in Fig. 
4. The data in Fig. 4 are typical ex- 
amples from an extensive series of un- 
published experiments, some of which 
were run by R. J. Herrnstein. 

Hysteresis occurs on the three exam- 
ples of Class I continua that we have 
tested. The hypothesis I am suggesting 
is that it may occur on all continua of 
this class, but that it probably does not 
occur on continua of Class II. Evidence 
for this possibility is suggestive, but not 
yet conclusive. 

Bisections on the continuum of visual 
Position, for example, seem to be free of 
hysteresis. At least what minor effect 
has been found is in the opposite direc- 
tion from that observed on Class I con- 
tinua. Volkmann kindly undertook to 
test this matter on the large viewing 
screen (21.6 X 6.8 ft.) at Mt. Holyoke 
College (6). The subject sat 35 feet 
from the screen and adjusted the posi- 
tion of the middle of three points of 
light that came on in the sequences 
right-middle-left and left-middle-right. 
The end lights were a meter apart. 
When the 12 observers were instructed 
to fixate the center of the screen, the 
two orders produced an average differ- 
ence in the bisection point of only 0.25 
cm. When the instructions were to look 

at each stimulus as it came on, the dis- 
crepancy was 3.6 cm. Since both dis- 
crepancies were in the opposite direc- 
tion from those observed with loudness, 
brightness, and lifted weights, we may 
conclude that, whatever constant errors 
may occur on this Class II continuum, 


SE STEVENS 


they apparently constitute a different 
phenomenon from the Class I hysteresis. 

The question of hysteresis in pitch 
judgments is less easy to answer. We 
found no evidence for hysteresis in the 
experiment that led to the construction 
of the mel scale (67), but the fact is 
we were not looking for it. In a more 
direct test of the issue I later had 10 
subjects bisect various pitch intervals in 
ascending and descending order. The 
experiment was casual and not defini- 
tive, and the results were not clear cut. 
For some subjects hysteresis seemed to 
be present, for others not. Two subjects 
happened to have “absolute pitch”—the 
best cases I happen to have encoun- 
tered. Each of these two subjects set 
the middle tone to the same frequency 
on every trial, regardless of the order of 
listening. So it seems that at least some 
people show no hysteresis in their pitch 
judgments. But this is apparently not 
true of others. 

In a recent laboratory exercise, two 
of my students, D. D. Greenwood and 
M. L. Israel, found hysteresis in the 
equisections of all but one of nine sub- 
jects who divided the interval 400-7,000 
cps into four equal-appearing intervals. 

Incidental evidence for the absence of 
hysteresis in pitch bisections is found in 
an experiment by Cohen, Hansel, and 
Sylvester (5). They were concerned 
with another problem, but part of their 
procedure called for the bisection of the 
pitch distances between 1,000 and 3,000 
cps and between 2,000 and 4,000 cps 
in both ascending and descending order. 
The bisections were as follows: 


For 1,000-3,000 cps, going up: 1,874 
cps; going down: 1,838 cps. 

For 2,000-4,000 cps, going up: 2,693 
cps; going down: 2,808 cps. 
The average standard deviation for all 
settings was 303 cps. 

We see that the interval 1,000-3,000 
cps shows an insignificant discrepancy 
(36 cps) and that the larger discrepancy 


à 
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(115 cps) shown by the interval 2,000- 
4,000 cps is less than half the standard 
deviation. It is also important to note 
that the directions of the discrepancies 
between the results for ascending and 
descending orders are opposite in the 
two parts of the experiment. Inciden- 
tally, the points of bisection that are 
Predicted by the mel scale are 1,859 cps 
and 2,280 cps, which are within 3 per 
cent of the observed values. 

All in all then, the evidence for hys- 
teresis in pitch bisections is ambiguous. 
The pitch continuum probably means 
different things to different people, es- 
Pecially to those with and without “ab- 
Solute pitch.”. It is in many ways a 
difficult continuum about which to gen- 
eralize (see, for example [64]). 

Another point concerning bisection de- 
Serves mention. On continua of Class I 
(prothetic) the point of bisection falls 
Consistently below the point predicted 
by the ratio scale of the subjective mag- 
nitude (39, 58, 63). This is true of the 
Combined results from which hysteresis 
has been eliminated by an averaging of 
the ascending and descending judgments. 
It is also clearly evident in the early ex- 
Periments by Fullerton and Cattell (13) 
who explored the “force of movement” 
by the methods of halving, doubling, 
and bisection. This error in bisection 
1S scarcely surprising when we consider 
that bisection and category rating-scales 
have much in common. In both in- 
Stances the subject tries to equalize in- 
tervals, and in both instances he misses 
the mark in the same direction—pre- 
Sumably because both kinds of judg- 
Ments are controlled partly by discrimi- 
Nation, and discrimination varies from 
One end of the continuum to the other. 

On continua of Class II (metathetic), 
X the other hand, the results of bisec- 
poa agree with those obtained by frac- 
‘Onation and by magnitude estimation. 

his has been demonstrated for pitch 
(64, 67) as well as for inclination or 


“bearing” (47, 64). Apparently it is 
only on Class II continua that the con- 
struction of a scale of subjective mag- 
nitude by the method of bisection leads 
to a valid outcome, for only there can 
bisection be shown to agree with direct 
magnitude estimation. 

In our experiments on weight and 
loudness in which the subject moved a 
pointer along a bar, the parallel with 
category rating-scales is even more ob- 
vious. In effect, the bar and pointer 
constitute a continuous rating scale, 
analogous to the widely used scales on 
which the rater marks a point on a line 
with a pencil. The bar and pointer also 
give results (hysteresis averaged out) 
that differ from those predicted by the 
ratio scale of the Class I continuum. 

We see then that possibly four func- 
tional criteria can be used to divide the 
perceptual continua into two general 
classes. Clear examples of each of these 
classes are easy to find, but this is not 
to say that all examples one might think 
of will prove easy to classify. When we 
try to impose a simple order on the com- 
plex fabric of our experience there is an 
ever-present risk that we will oversim- 
plify what is not simple. Class I (pro- 
thetic) constitutes a rather unitary and 
well behaved group of continua, but 
Class II (metathetic) includes various 
disparate aspects of things, many of 
which do not fall naturally onto unitary 
monotonic scales, and some of which 
may not even be orderable. Some con- 
tinua may turn out to be hybrid mix- 
tures of both Class I and II. Pitch, in 
fact, may be one of these (64). 

In most of what follows we will limit 
our concern to the prothetic continua 
(Class I); the “quantitative” aspects of 
things, for it is here that we can most 
profitably examine the principles that 
psychophysics has set itself to devise. 
The first of these principles concerns the 
relation between stimulus and sensation. 
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THE POWER FUNCTION 


There is a growing bundle of evidence 
to indicate that on prothetic continua 
the form of the “psychophysical law” 
is a power function. Most of this evi- 
dence, accumulated since 1930, is the 
product of a reoriented psychophysics 
that brings “direct”? methods to bear on 
the Fechnerian query regarding the re- 
lation between stimulus and sensation. 
These direct methods lead to ratio scales 
of perceptual magnitude, and to a first 
approximation these scales show that 
the psychological magnitude is a power 
function of the stimulus magnitude. 

The basic principle seems to be that 
equal stimulus ratios tend to produce 
equal sensation ratios. Empirical evi- 
dence to support this principle has been 
obtained for at least a dozen perceptual 
continua, with the aid of several differ- 
ent experimental methods. What the 
principle entails can be illustrated by 
examples such as these: In order to 
make one sound seem half as loud as 
another, the physical energy must be 
reduced by about 90 per cent (10 db), 
and this required reduction is approxi- 
mately the same regardless of the level 
from which we start. The same is true 
of brightness, and the required reduc- 
tion is of the same order of magnitude 
as for loudness. In order to make one 
lifted weight seem half as heavy as an- 
other, the original weight must be re- 
duced by about 38 per cent, and this 
percentage reduction is approximately 
constant over a wide range of stimuli. 
The approximate constancy of the per- 
centage reduction corresponding to a 
given subjective ratio demonstrates that 
the sensation y is proportional to the 
stimulus S raised to a power n. Thus 


y= RS", 


When we convert this equation to loga- 
rithmic form we obtain a linear equa- 
tion which has a certain practical use- 
fulness, for the function can then be 
represented by a straight line in log-log 
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coordinates. The slope of this line cor- 
responds to the exponent 7. 

When we know the value of ratio 7 
between the stimulus judged half and 
the standard stimulus we can obtain the 
value of 2 by dividing log r into log 
0.5. In general, if s is the sensation 
ratio (determined by the method of 
ratio production) and 7 is the corre- 
sponding stimulus ratio, then 


It is not to be expected, of course, 
that a simple power function will hold 
from zero to infinity. What the limits 
may be must be decided by experiment. 
We know that some functions relating 
stimulus to response exhibit discontinui- 
ties (e.g., apparent numerousness and 
flash rate), and we know that our for- 
mulas might need eventually to take ac- 
count of second-order perturbations in 
the vicinity of the absolute threshold 
(cf. 8, 58). But our present concern is 
with first-order approximations to gen- 
eral laws. 


MeErtHops For RATIO SCALING 


Before we consider the concrete in- 
stances of ratio scales, let us look briefly 
at the problem of procedure. Methods 
for constructing ratio scales of subjec- 
tive magnitude are a relatively new de- 
velopment. It is true that Merkel (31) 
with his Methode der doppelten Reize 
(1888) tried to find the stimulus that 
appeared to double the sensation, but 
Merkel’s effort seems to have had little 
influence on psychophysics. Fullerton 
and Cattell (13), who used the meth- 
ods of doubling and halving, fared little 
better. Even Titchener (72) in his thor- 
ough and scholarly Instructor’s Manual 
makes only off-hand allusion to Merkel’s 
method of “doubled stimuli.” And of 
the author of the method he says “We 
are reminded that he is, by mental con- 
stitution, a physicist rather than a PSY 
chologist . . . and that his work as ê 
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whole is exceedingly poor in introspec- 
uve data” (p. 223). It may be that 
mental constitution” plays a role in 
these things, as Titchener suggests. I 
wonder what he would make of the fact 
that at least seven different physical 
laboratories have made important con- 
tributions to the development of the 
ratio scale of subjective loudness—the 
sone scale—as against perhaps three 
different psychological laboratories. 
The impetus for the development of 
a method is a problem. Method for its 
own sake, tempting and fascinating as 
it may be, often leads to little—except 
methodology. Physicists and psycholo- 
gists went to work to refine the pro- 
cedures for measuring loudness mainly 
because the substantive outcome was of 
interest and importance to someone, pat- 
ticularly to acoustical engineers. This 
is shown by the fact that some of the 
earliest studies were paid for by com- 
mercial companies. Curiously enough 
the practical problem originated in an 
obvious failure of Fechner’s law. Not 
long after they had adopted the decibel 
scale for measuring sound intensities, 
the engineers noted that equal steps 0n 
the logarithmic (decibel) scale do not 
behave like equal steps, for a level 50 
db above threshold does not sound at 
all like half of 100 db, as Fechner’s law 
implies it should. Since the acoustical 
engineer must often interpret to his cus- 
tomers the meaning of esoteric acousti- 
cal measurements, it soon became clear 
that a scale was needed on which the 
ques would be proportional to how 
oud things sound to the typical listener. 
foro the motive of this kind of prac- 
he al problem to spark the development 
3 method, it is a fair guess that the 
AEn scales for the fourteen perceptual 
Gee we will examine might never 
ee been constructed. How a subjec- 
e ratio scale, once achieved, can be 
Put to work is shown by the way We 
Were able to use the sone scale in the 
development of a procedure for calcu- 


lating the loudness of a complex noise 
from a spectral analysis of the sound 
(61). 

The methods for constructing ratio 
scales are still in the process of develop- 
ment, but in one form or another they 
all require subjects to make quantitative 
estimates of subjective events. Many 
authors have screamed that this is non- 
sensical, meaningless, and impossible 
(12, 34), but those who follow these 
methods go ahead and do it anyhow. 
These direct assessments of sensation 
seem not so impossible after they have 
been made. 

At present the methods are princi- 
pally four, but each has subvarieties. 
We may classify the methods more or 
less systematically as follows: 


1. Ratio estimation 
a. Direct judgment of ratios 
b. “Constant-sum” 
2. Ratio production 
a. Fractionation 
b. Multiplication 
3. Magnitude estimation 
a. Prescribed modulus 
b. No designated modulus 


4. Magnitude production 
well aware that few activities in 


greater terminologi- 
aming of meth- 


Iam 
psychology exhibit 
cal confusion than the n: 
ods, and that there is probably no effec- 
tive cure for the burgeoning, ramifying 
process that occasions the welter of 
names. The best we can do is take 
stock from time to time and attempt 
a little systemization. Having formerly 
contributed my full share to the con- 
fusion, in the foregoing list I have tried 
for a dose of order. 

Partly through my efforts the second 
class of procedures, which was the first 
used historically, got the name frac- 

because the usual pro- 


tionation (68); : 1 
cedure has been to require a subject to 


set one stimulus to produce a sensation 
half as great as a given standard. Frac- 
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LEVEL OF FAINTER NOISE IN DECIBELS RE LOUDER 


[e] 
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LEVEL OF FAINTER LIGHT IN DECIBELS RE BRIGHTER 


Fic. 5. Results of adjusting a loudness ratio 
to equal an apparent brightness ratio. The 
subject viewed a pair of luminous circles of 
which one was dimmed by an amount shown 
on the abscissa. He also pressed a pair of 
keys to produce two different levels of white 
noise. He adjusted one level (ordinate) to 
make the loudness ratio seem equal to the 
brightness ratio. The brighter light was about 
99 db re 10™ lambert and the louder noise 
was about 92 db re 0.0002 microbar. 


tions other than a half are also used 
with consistent results, But fractiona- 
tion in this sense is only one facet of 
a more general procedure. The other 
facet, which we might call multiplica- 
tion, involves the complementary Process 
of requiring the subject to identify or 
produce a prescribed ratio that is greater 
than one, e.g., to double, triple, etc., a 
given standard. This procedure has not 
been used very much, probably not as 
much as it should be, for there is abun- 
dant evidence (62) to indicate that, 
when it is made to complement halving, 
the procedure of doubling can help to 
balance out certain systematic biases, 
The two procedures together may be 
called ratio production. The production 
of ratios can be carried out by a variety 
of different techniques. Thus the ex- 
perimenter may allow the subject to ad- 
just a stimulus to produce a prescribed 
ratio to a standard, or the experimenter 
may set the stimulus and ask the sub- 


ject whether it meets the prescribed 
ratio (method of “constant stimuli”). 

An interesting variant of ratio produc- 
tion involves the fixing of two lumi- 
nances to define an apparent ratio which 
the subject is to reproduce by setting 
two loudnesses to the same apparent 
ratio. In an experiment by J. C. Stevens 
in this laboratory the subjects set nearly 
the same physical ratio (decibels) be- 
tween the intensities of the white noises 
as the experimenter set between the in- 
tensities of the two white surfaces. Fig- 
ure 5 shows the median settings made 
by 15 subjects, each of whom twice ad- 
justed the loudness of the second of two 
noises until the apparent ratio between 
the noises equaled the apparent ratio 
between two luminous targets viewed 
against a dark surround. The subject 
sat about 4 feet from the targets, which 
were 4.4 cm. in diameter and separated 
by about 17.5 cm. The fact that the 
median settings of the variable noise 
fall fairly close to the line indicates that 
the subjective impressions produced by 
white light and white noise are simi- 
lar functions of stimulus intensity. The 
adjustments made to the largest ratio 
(40 db) were of course quite variable: 
the semi-interquartile range was about 
10 db.2 

The method of ratio estimation is the 
inverse of ratio production. Instead of 
Prescribing the ratio in advance, the 
experimenter Presents two (or more) 
stimuli and asks the subject to name 
the ratio between them, The subject 
may name the ratio directly, as in the 
Pioneer experiment of Richardson and 
Ross (49), or he may be constrained to 
express the ratio by dividing a given 
number of points between the two 
stimuli in the manner Proposed by Met- 
fessel (32). The constraint involved in 
the so-called “constant-sum” method has 


? For the rationale of measuring luminance 
in decibels see (59). 
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obvious disadvantages when large, ratios 
are involved. 

The method of magnitude estimation 
(60) dispenses with ratios as such and 
requires the subject to assign numbers 
to a series of stimuli under the instruc- 
tion to make the numbers proportional 
to the apparent magnitudes of the 
Sensations produced. The experimenter 
may prescribe a modulus by presenting 
a given stimulus and calling it some par- 
ticular value, e.g., 10, or he may leave 
the subject free to pick his own modu- 
lus, (Note: if the magnitude estima- 
tions give a skewed distribution, as they 
usually do, it is advisable to calculate 
medians instead of means.) 

The method of magnitude estimation 
has a logical inverse in magnitude pro- 
duction—a possible method that has 
thus far been mostly ignored. Instead 
of presenting a series of stimuli in ir- 
regular order and asking the subject to 
Judge their apparent magnitudes, the ex- 
Perimenter might name various magni- 
tudes and ask the subject to adjust 
Stimuli to produce proportionate subjec- 
tive values. Like any given procedure, 
this method probably has its “bugs” and 
Biases and it might be interesting to 
ind out what some of them amount to. 

One thing we know is that in using 
this method the experimenter must re- 
Sist whatever impulse he may have to 
= or designate the top and bottom of 
e range, for this will change the prob- 
ag into one involving category scaling. 

some earlier experiments (64) we 
used this procedure, which we may call 
Category production, to generate a 7- 
Point category scale of loudness. We 
Presented two levels which we desig- 
rie 1 and 7 and then asked subjects 
in Produce each of the other categories 
p irregular order. The results are like 
: e usual category judgments obtained 
n Class I continua: the function is 
Concave downward when plotted against 
the sone scale, ens 
| Bure2u Ednl.” 
fani 
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Magnitude production of a sort has 
been used in an experiment in which we 
used a brightness rather than a number 
to designate a magnitude. We set the 
luminance of a single target to various 
levels and asked subjects to adjust a 
noise to make its loudness appear as 
great as the brightness of the light. Al- 
though this investigation is still in prog- 
ress (by J. C. Stevens) the results ap- 
pear to be fairly consistent with what 
we know about the subjective scales for 
loudness and brightness. The intensities 
of the white noise are made roughly pro- 
portional to the intensities of the white 
light, again suggesting that loudness and 
brightness are similar functions of in- 
tensity. 

All four of the methods listed above 
provide the kind of data necessary for 
the construction of a ratio scale (55). 
Each method can of course be varied 
and modified in numerous ways. Not 
only do the methods need to be altered 
and adapted to fit the problem at hand, 
but in any serious effort to establish a 
definitive scale for a given perceptual 
continuum it is desirable to ferret out 
the possible sources of bias by using dif- 
ferent methods and by altering relevant 
parameters. In the present state of the 
art a valid scale that is representative 
of the typical subject can scarcely be 
hoped for from a single try. 

The following ratio scales of subjec- 
tive magnitude have been erected by 
means of one or more of the general 
procedures named above. They have 
not all been given the intensive study 
and cross-checking they deserve, but our 
interest here is in their general form 
rather than in their detailed adequacy. 
To a first approximation they are all 


power functions. 
FourtEEN Ratio SCALES 


Our review of the fourteen examples 
of ratio scales of subjective magnitude 
will be brief, because most of the details 
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TABLE 1 


PERCEPTUAL CONTINUA ON WHICH PSYCHOLOGICAL MAGNITUDE 
IS A POWER FUNCTION OF THE STIMULUS 


The second column shows the approximate exponent of the power function. Names suggested for 


i jecti nits are listed in Column 3. The methods used (Column 4) are indicated 
THEN EHONS is a abc that refer to the methods listed elsewhere in this paper. 

Continuum Exponent | Name of Methods Used Reference Source 
Loudness 0.3 sone la, 2a, 2b, 3a, 3b, 4 (58) 
Brightness 0.3-0.5 bril 2a, 2b, 3a, 3b (28), (64) 
Visual distance 0.67 2a (17) 

Taste 1.0 gust 2a (1) 

Visual length 1.1 mak 1a, 2a, 3a (8), (47), (64) 
Visual area 0.9-1.15 var la, 1b, 2a (8), (47) 
Duration 1.05-1.2 chron | 2a, 3a (19), (50), 64) 
Lightness of grays 1.2 3a, 3b (64) 

Finger span 1.3 3a, 3b * 
Numerousness 1.34 numer |2a (69) 
Heaviness 1.45 veg la, 1b, 2a, 2b, 3a, 3b (64) 

Auditory flutter ri flut 2a, 2b (42) 

Visual velocity 1.77 2a (9) 

Visual flash rate 2.0 2a (48) 


* S. S. Stevens and Geraldine Stone, Research in progress. 


are. available elsewhere. We can help 
the cause of brevity by means of Table 1 
where the significant facts are listed and 
the sources of more detailed information 
are tabulated. In Table 1 the continua 
are ordered by increasing size of the ex- 
ponent of the power function, and when- 
ever a name for the subjective unit of 
the ratio scale has been suggested it is 
recorded. The methods that have been 
applied to each scale are indicated by 
numbers that refer to the listing in the 
previous section. I think all these con- 
tinua belong to Class I, but this of 
course may be open to question. 

Since Table 1 was prepared, an ex- 
periment on smell has been started in 
this laboratory by T. S. Reese. The 
early results suggest that the apparent 
intensity of the odor of benzaldehyde 
(synthetic almond) is a power function 
of the concentration in moles per liter 
of air. The exponent seems to be of the 

er of 0.2. 

p goes without saying that all these 
scales have not been determined with 


equal care and thoroughness. About 
some of them we know a lot and have 
reason for confidence in their form; 
others have received only limited at- 
tention. Some of these attributes are 
easy to scale; others are more resistant 
to precision. Some of them represent 
perceptions about which we frequently 
make judgments of a more or less quan- 
titative sort and about which the sub- 
jects in an experiment know, or think 
they know, so much about the stimulus 
that the “stimulus error” (3) may be 
a ready danger; others involve stimuli 
whose physical parameters are so un 
familiar to the typical subject that his 
temptation to try to estimate a physical 
measure of the stimulus, rather than tO 
judge how it appears, is remote and un- 
compelling. Yet all these ratio scales 
approximate power functions. 

I say approximate because it is cer- 
tain that not all judgmental continua 
are strictly power functions of an arbi- 
trary physical parameter of the stimu- 
lus. We know, for example, that over 
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most of the range the loudnesses of a 
1,000-cycle tone and a white noise grow 
with intensity according to similar laws, 
but at very low intensities the loudness 
of the white noise grows more rapidly. 
Hence the loudnesses of noise and tone 
cannot both follow power functions 
throughout their entire range, and it is 
even doubtful that either is strictly a 
power function at better than a first- 
order approximation (62). 

On this question of the form of a psy- 
chophysical law we ought perhaps to try 
poean a lesson from Fechner’s mistake 
i forego the temptation to insist on 
a exactitude of a particular formula. 
oa the realm of human judgment we 
aed aspire to the discovery of first-order 
ce aot but it would be idle to prê- 

that precision can be pushed to the 


l à o 
then envisaged by Fechner. ‘The judg- 
nt of subjective magnitude is inher- 
When 


e 
e “noisy” phenomenon. Wi" 
quantit try to describe a sensation in 
ask ative terms they face a difficult 
Outcome 5 the factors that affect the 
tience - are numerous and subtle. Pa- 
ably a experimental skill can prob- 
there S up part of the variance, but 
ersions always remain irreducible dis- 
Sink int to set a level below which we 
Ese ee In the broader 
Stands a of things the power 
a Webers as a first-order relation, 
telation be law describes the first-order 
Pow etween magnitude and resolv- 
Ore f er. Although we are sometimes 
tutes ascinated by second-order depat- 
are p °M first-order relations than we 
th, PY first-order relations themselves: 
bro, en order generalities have the 
oment significance. It is of greater 
the vel to know the first-order law for 
to prop Y of falling bodies thy it is 
Produce. that a host of variables © 
| Srief departures from the law. 
iist i Comments on some of the scales 
hav eae Irarenow imorderiWe 
ady discussed loudness in Vat 
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MAGNITUDE ESTIMATION 
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Fic. 6. Median magnitude estimations for 
Joudness and brightness. For loudness each of 
32 subjects made two estimates of each level 
(1,000 cps) in irregular order with no desig- 
nated standard. Estimates were transformed 
to a common modulus at the 80-db level. For 
brightness each of 28 dark-adapted subjects 
made two estimates of each level in irregular 
order. The target subtended about 5 and 
was illuminated for about 3 sec. at each pres- 
Once at the beginning of each ses- 

the level 70 db (14 


i ject was shown 
soe S PMO db (14 subjects) and told to 


level 10. imates for all subjects 


Estim: 
were transformed to a common modulus at 
70 db. 


ctions, and a review of most 
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adapted observer, brightness seems to 
grow approximately as the 0.3 power of 
the luminance. Figure 6 shows mag- 
nitude estimations for brightness ob- 
tained from 28 subjects in an experi- 
ment being conducted by J. C. Stevens. 
For very small targets that approxi- 
mate point sources the exponent is 
larger than that determined by the line 
in Fig. 6, and of course the state of 
adaptation of the eye and the presence 
or absence of contrast makes a differ- 
ence to the brightness function. These 
two factors increase the size of the ex- 
ponent, as can be seen in Table 1 where 
the exponent for lightness of gray pa- 
pers is listed as 1.2. When grays of dif- 
ferent reflectances are viewed under ordi- 
nary illumination, light adaptation and 
contrast both operate to increase the 
steepness of the brightness function to 
a different order of magnitude from that 
observed with luminous targets seen in 
the dark. 

Visual distance refers here to the ap- 
parent distance from the observer to a 
marker on a 200-foot line that stretched 
away from the observer on a large flat 
lawn. Two subjects made fractionation 
judgments. The combined results can 
be fitted by a 3 power law as well as, if 
not better than, by the formula pro- 
posed by Gilinsky (17), Specifically, 
the data in her Fig. 6 fall close to a 
straight line. The main difficulty with 
the fit occurs at the shorter distances, 
where for one observer the apparent half 
values are nearly equal to the objective 
half values. But we would expect ap- 
parent distance to approximate objective 
distance when the angle between the 
line on the grass and the observer’s line 
of regard becomes large. Perhaps if the 
line went out from the bridge of the ob- 
server’s nose we would obtain a power 
function all the way—with an exponent 

less than one. Of course apparent dis- 
tance, like apparent size, is specific to 
the experimental situation and is af- 


fected by cues of various sorts. It is 
not to be expected, therefore, that a 
single power function will govern all 
judgments of distance. As a matter of 
fact, in a very different set-up involving 
short distances (4.5 meters and less) 
Gruber (21) obtained data that fit a 
power function with an exponent of ap- 
proximately 1.3. 

Taste, curiously enough, gives an ex- 
ponent of approximately unity when the 
stimulus measure is the ratio of solute 
to solvent (1). The functions reported 
for four different taste substances vary 
somewhat from one to another, for taste 
is a troublesome modality to work with, 
but they all give fairly straight lines in 
a log-log plot and the slopes hover 
around the value one. Another experi- 
ment (on sweetness [30]) gave only a 
rather poor approximation to a power 
function. 

Length and duration give subjective 
ratio scales that are nearly proportional 
to the physical scales on which we usu- 
ally measure the stimulus. On balance. 
however, there is a tendency in both 
cases for the exponent of the power 
function to be greater than one, which 
means that on these continua the mag- 
nitude of the subjective impression 15 
a slightly accelerating function of the 
stimulus magnitude. The accelerating 
function for duration is shown in Fig. 1. 

Apparent area seems to be nearly pro- 
portional to physical area, but the shape 
and size of the area to be judged seem 
to produce second-order differences. For 
smaller squares the exponent appears t0 
be greater than for larger squares. In 
a recent experiment with circles the ex- 
man turned out to be less than one 

For continua such as length it is 
sometimes held that learning plays 4 
major role: we learn what length meas- 
ures half as long as another, and so it 
comes to look half as long—which is onè 


way of explaining why the exponent of 
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the power function is near unity. This 
may or may not be true. Of course, if 
by learning we mean that the organism 
has had a history, we can never hope to 
experiment on subjects who have not 
learned. How the organism got to be 
the way it is will always be an engaging 
problem, but it is also a worthy object 
of attention to discover just how the 
typical subject now behaves, regardless 
of how he got that way. 

The “learning explanation” of these 
ratio scales seems much less convinc- 
ing for such continua as loudness and 
brightness. Despite Ebbinghaus’ argu- 
ment (see [60]) that we learn the mean- 
ing of a doubled brightness by illumi- 
nating the scene with two lights instead 
of one, the typical viewer actually re- 
quires some nine or ten times the illumi- 
nation before he reports the brightness 
doubled. Why is this? And why is it 
that when the reflectance of gray pa- 
pers is involved, where it is scarcely con- 
ceivable that the typical viewer knows 
the nature of the physical processes at 
work in the stimulus, the exponent is 
greater instead of much less than unity? 
Sophistication as regards the stimulus 
seems less than a likely explanation. 

It is true, however, that one can learn 
to estimate the physical magnitude of a 
stimulus, as a good photographer well 
knows. He corrects what he perceives 
by what he knows about light and its 
relation to subjective impressions. By 
a similar procedure the acoustical engi- 
neer may estimate decibel levels with 
fair precision. He learns what a given 
Subjective impression means in terms of 
the indications on a level meter. I have 
tested at least a half dozen acoustical 
engineers whose business involves the 
estimation and measurement of decibel 
levels, Despite their familiarity with 
decibels their subjective scales of loud- 
ness are not systematically different 
from those of other listeners. They can 
tell me, for example, both that one 
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sound seems about half as loud as an- 
other, and also that the one is about 
90 db and the other about 100 db. 
Let us return now to Table 1. The 
ratio scale for finger span was obtained 
as part of a program that is still in 
progress. Subjects judged the apparent 
thickness of blocks of wood placed for 
about a second between the thumb and 
middle finger. The magnitude estima- 
tions obtained show that over a range of 
from about 0.2 to 6.0 cm the impres- 
sion of felt thickness grows as a power 
function of the thickness of the blocks, 
and that the exponent is about 1.3. 
Numerousness refers to the impression 
one gets from looking at a collection 
of dots that contains too many to be 
counted. The exponent of about 1.34 
was derived from Taves’ experiment in 
which he used the method of fractiona- 
tion. I computed the exponent from 
the mean fraction judged half for all 
standards above 8 dots. The exponent 
is equal to log 0.5 divided by the loga- 
rithm of the fraction judged half. 
Lifted weights have been scaled by 
several methods in several laboratories 
and most experimenters have found close 
approximations to power functions. The 
value of 1.45 for the exponent of the 
veg scale was obtained from pooled 
results from five different laboratories. 
For the procedures involved, see (64). 
It is interesting to note that when Ful- 
Jerton and Cattell in 1892 had their 
subjects try to halve and double the ap- 
parent force exerted on a dynamometer 
they came quite close to the values that 
would be predicted by the veg scale. 
The two values obtained fell on oppo- 
he predicted value, and 


site sides of t 
the largest discrepancy was about 10 
per cent of the predicted value. Al- 


though these data are meager they sug- 
gest that the apparent force of this type 
of muscular pull may follow a power 
function that is like the veg scale. 
Auditory flutter refers to the appar- 
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ent rate at which a white noise is turned 
on and off. Over a wide range of flut- 
ter frequencies (5 to 200 per second) 
the apparent rate of flutter grows as 
the 1.7 power of the frequency of stimu- 
lus interruption. Pollack used both frac- 
tionation and multiplication in deter- 
mining this function. The one value he 
tested at a rate below 5 per second sug- 
gests that there may be a discontinuity 
in the function at about this point. 
Otherwise the data give a close fit to a 
power function. 

Velocity of seen movement gave data 
that fit a power function so well that, 
as the authors say, “The goodness of 
fit may be judged as excellent.” The 
subjects alternately viewed two horizon- 
tally moving targets consisting of verti- 
cal white and black bands, and they ad- 
justed the velocity of one to make it 
appear half the other. The standard 
velocities ranged from 1.8 to 42 mm/sec. 

Ekman and Dahlbäck (9) call atten- 
tion to another interesting fact, namely, 
that when the subjects were asked to 
set one velocity equal to a standard 
velocity the variability of the settings 
Was not very different from the varia- 
bilities obtained when one velocity was 
set to appear kalf of a standard. They 
say, “the degree of uncertainty in frac- 
tionation is only a little greater than 
that in equating stimuli.” Hanes (28) 
had earlier noted the same thing in his 
experiments on brightness. He says, 
“Extremely interesting is the fact that 
the standard deviations around the group 
means of the equality matches . . . are 
of the same order of magnitude as the 
deviations around the means of the 4 and 
4 estimates at the same brightness lev- 
els.” I can add for loudness that the 
variability of halvings and doublings is 

actually slightly less, in general, than 
the variability of equality matches made 
between two noises of substantially dif- 
ferent spectra, say, a hiss and a rumble. 
In experiments involving several thou- 
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sand loudness matches (61) the stand- 
ard deviations ranged from 1.5 db, for 
very similar spectra, to 9.0 db for dis- 
parate spectra. Comparable variabili- 
ties for 36 subjects who halved and 
doubled the loudness of a white noise 
averaged 4.2 db (45). For pure tones, 
Garner (14) reports variabilities for 
halving that range from about 3 to 6 db. 

Visual flash rate gives the largest ex- 
ponent yet encountered. For rates be- 
tween 5 and 10 per second the ex- 
ponent is about 2.0. Actually the sub- 
jective scale for flash rate seems to 
break up into two segments: one for 
slow rates where the subject probably 
judges time elapsed between flashes, and 
one for faster rates (greater than about 
5 per second) where the subject seems 
to judge rapidity of flash. Except near 
the transition point, both segments of 
the scale approximate power functions 
with slopes decidedly greater than unity. 

This completes the list. Let us now 
look briefly at some of the antecedents 
of our power law. 


SOME ANTECEDENTS 


The idea that the relation between 
stimulus and perceptual response might 
be a power function is no new thing. 
What is new is the devising of experi- 
ments to demonstrate the fact. 

The first recorded notion that a power 
function might be involved appears to 
be the conclusion reached by Plateau 
(41) in the 1850’s—before the appear- 
ance of Fechner’s Elemente (1860)- 
Plateau reasoned that, since the appat- 
ent relations among different shades ° 
gray remain sensiblement le même when 
the general illumination is changed, the 
ratios among the sensations produced by 
the grays must remain fixed. This, he 
said, and quite rightly, is more rational 
than Fechner’s view (later revived by 
Wright [75]) that it is the differences 
that remain constant. Plateau’s 25 
sumption entails a power function, 
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Fechner’s a logarithmic function. By 
the present evidence, Plateau was right 
and Fechner was wrong. Sad to re- 
late, however, Plateau later changed his 
mind, and for a reason we now can see 
was irrelevant to the issue: Delboeuf’s 
equisection experiment did not yield a 
power function. And Fechner, crafty 
polemicist that he was, disposed of Pla- 
teau’s power function by the equally 
irrelevant argument that its champion 
had repented. 
But the power function came back 
to plague Fechner by another route. 
Brentano (4) suggested that an increase 
in a sensation is just noticeable when 
the increase is a fixed proportion of the 
original sensation. Brentano did not 
explore the mathematical consequences 
of this introduction of a kind of “Web- 
er’s law” into the realm of sensation, 
ee Fechner did the mathematics for 
sa (10) and showed that, if Weber’s 
aw holds for both the sensations and 
the stimuli, the consequence is a power 
function. This way of getting to a 
Power function was later argued for 
by others, particularly Grotenfelt (20), 
ut since there is scarcely any way to 
ae the basic assumptions involved, 
ne cause was lost under Fechner’s mas- 
Sive attacks upon it. 
ae third approach to the power func- 
was devised by Guilford (22, 23), 
Who called it the “nth-power law.” It 
As based on the Fechnerian premise that 
iat are subjectively equal and that 
s scale of sensation can be had by 
oe them up. Guilford’s new 
: ist was to alter Weber’s law by mak- 
ng the stimulus increment AS pro- 
pina not to S but to a power of 
> A Fechnerian integration then yields 
A a function—which demonstrates 
Fo can sometimes reach a correct 
deep sion by starting from two wrong 
is n mpiians: The assumption that AT 
power function of Z, with an ex- 


ponent lying between 0.5 and 1.0, is 
not very easily justified by the facts. 
It is not so easily justified as the more 
plausible assumption that AS = k (S + 
d) where k and d are constants. This 
latter formula fits the data Guilford 
himself cited better than does the power 
function, and there is other evidence to 
support it (33). 

But it is Guilford’s other assumption 
that is the greater source of trouble. 
How serious is the consequence of as- 
suming the equality of j.n.d.’s becomes 
clear if we begin with any of the power 
functions (Table 1) whose exponent is 
greater than 1.0 and follow Guilford’s 
development in the reverse direction. 
We reach the startling conclusion “that 
AS would be a decreasing function of 
S, which is unheard of in psychophysi- 
cal research” (24). 

In the light of what we now know, it 
would appear that of the three histori- 
cal approaches to the power function 
Plateau’s was based on the most valid 
assumption. But unfortunately Pla- 
teau’s premise was only an assumption, 
and its empirical verification had to 
wait for nearly a hundred years. 

Our position now is more fortunate. 
The road to the formulation of a gen- 
eral psychophysical law need no longer 
be strewn with assumptions about j.n.d.’s 
or contrast steps. The principle I am 
proposing, that equal sensation ratios 
are produced by equal stimulus ratios, 
is merely the summary statement of 
what we observe on at least a dozen 
perceptual continua. The power func- 
tion which this simple principle entails 
appears to be the first-order relation 
between stimulus and response. Second- 
order departures from this law are cer- 
tain to exist, and their exploration may 
sometimes prove interesting and instruc- 
tive, but the wide invariance of the first- 
order relation deserves to remain the 


matter of first importance. 
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Tue SUBJECTIVE SIZE OF THE J.N.D. 


The issue raised by Fechner when he 
assumed that each j.n.d. represents a 
constant increment in sensation is a 
stubborn and vexatious problem. It is 
equivalent to the assumption that meas- 
ures of resolving power provide equal 
units that can be used as a measure of 
magnitude. Applied to Class I (pro- 
thetic) continua the assumption is dead 
wrong, but how can we prove it? Or 
rather, how can we make the proof per- 
suasive and convincing? Proof has been 
offered in the past (33, 38, 52) but 
ingenious counter-arguments have been 
marshaled against the evidence. Piéron 
(40) is the objector most persistent and 
erudite, but others join the chorus. It 
seems so simple and sensible to take the 
j.n.d. as a unit of sensation. How can 
it not be proper? 

It is improper simply because it js 
wrong. Let us consider a concrete case, 
Both fractionation and magnitude esti- 
mation show what is quite obvious to 
begin with, namely, that the apparent 
length of a line seen against a homo- 
geneous background is very nearly a 
linear function of physical length. Two 
inches look about twice as long as one 
inch. So we know that subjective length 
is related to physical length by a power 
function whose exponent is close to 
unity. Now what about the j.n.d., the 
resolving power? We can easily tell 
visually when one centimeter is added 
to one centimeter, but we can scarcely 
tell when a centimeter is added to a 
meter. So resolving power must be 
relative, or approximately so. As Miin- 
sterberg (37) showed, Weber’s law holds 
fairly well for length. Now we put 
these two facts together and what hap- 
pens? We see immediately that in 
terms of their psychological magnitude, 

as measured by the scale we first set up 
by fractionation and magnitude estima- 
tion, the j.n.d.’s get larger as we go up 


the scale. Q.E.D., the j.n.d. is not con- 
stant in subjective size, and counting 
them off does not yield the magnitude 
scale. 

The principle involved can be clearly 
seen if we put the problem in more gen- 
eral terms. Let us assume that sensa- 
tion y is a power function of stimulus 
magnitude S and also that Weber’s law 
is true, i.e., AS = 2S. By the first as- 
sumption we may write, disregarding 
constants that depend only on the choice 
of units, 


y=, 


If Weber’s law is true, when we count 
off the j.n.d.’s and record their number 
J as a function of the stimulus, we ob- 
tain 


J = logs, 


where c is a constant that can serve as 
the base of the logarithm. We can re- 
write this equation as 


S= 


and substitute this expression for S in 
the first equation, which gives 


y = gn 


This equation tells us that the psycho- 
logical magnitude grows as an exponen- 
tial function of the number of j.n.d’s J, 
which brings us to the interesting con- 
clusion that the scale of sensation is 
an exponential function of the scale 
Fechner believed it to be. If we differ- 
entiate this equation we get 


i = acl, 
where @ is a constant. The equation 
tells us that instead of being constant 
as Fechner assumed, the subjective size 
of the j.n.d. grows as an exponential 
function of the number of j.n.d.’s above 
threshold. Simple substitution in this 
last equation also reveals that the sub- 
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jective size of the j.n.d. is proportional 
to the psychological magnitude y. 

These equations tell us how it would 
be if Weber's law were strictly true, but 
since this law is not strictly true the 
situation is not quite so simple. The 
complications, however, are only second 
order. A superior form of Weber’s law 
is AS = k(S + d), which was known to 
Fechner, Helmholtz and others. By the 
addition of the small constant d, this 
form makes allowance for the inevitable 
residual “noise level” in the perceptual 
system, but at the same time it pre- 
serves the basic principle that resolving 
power is relative. If this form is ac- 
cepted, the foregoing equations and deri- 
vations get complicated, but the con- 
clusions they lead to are not substan- 
tially altered. It is still true that the 
subjective size of the j.n.d. grows rap- 
idly as we go up the scale. 

Actually, since the value of the con- 
stant d is relatively small, its addition 
to the formula for Weber’s law affects 
the functions in a significant way only 
at low stimulus levels. At levels near 
threshold the general formulas devel- 
oped above break down, but over the 
middle and higher stimulus ranges they 
give a good account of things. 

A concrete instance of these general 
relations is shown graphically in Fig. 7. 
Miller (33) measured the j.n.d. for white 
noise by the so-called quantal procedure 
(65) which provides an estimate of the 
quantal increment in the stimulus that is 
Just detectable. The results are well de- 
Scribed by the relation AI = k(I +4). 

iller summated the quanta (incre- 
S „and obtained the top curve 
eae in Fig. 7. Except at the low 
Bl it is almost a straight line when 
cata against decibels. The bottom 
That is the sone scale of subjective 
seh The triangles represent the 
a lan results obtained by J. C. Stevens 
on E. Tulving (51) from 70 subjects 

o made direct magnitude estimations 


wooo PRESSURE LEVEL OCCEES 

Fic. 7. Jnd. (quantum) scale, category 
scale, and ratio scale (sones) for the Joudness 
of white noise. Circles: with the spacing of 
the levels adjusted to give a “pure” category 
scale, 8 subjects each made two judgments of 
each level on a 7-point scale. The range was 
disclosed at the outset and the order of pres- 


entation was different for each subject. Tri- 


angles: median judgments by 70 subjects who 
f eight levels 


made magnitude estimations 0 
presented in irregular order in a classroom, 
with no designated standard. Estimates were 
transformed to a common modulus at the 75- 
db level, which was the first level presented. 


of the loudness of different levels of 
white noise presented in irregular order. 
In a log-log plot these points fall close 
to a straight line like that shown in 
Fig. 6. 

The curves in Fig. 7 show how vastly 
different are the two scales, the j.n.d. 
(or quantum) scale and the loudness 
scale. In this respect they confirm what 
we have already seen in Fig. 1. They 
also show that when we use the loud- 
ness scale to measure the subjective size 
of successive jan.d’s, their size grows 
rapidly as we g0 UP the scale. Except 
near the low end, their growth approxi- 
mates an exponential function. Actu- 
ally, over the low end of the scale where 
the j.n.d. scale is curved there is a su- 
perficial similarity between the j.n.d. 
scale and the Joudness scale, but over 
the major portion of the audible range 
the divergence between the two scales 


is large and obvious. 
The middle curve in Fig. 7 shows an 
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example of the function obtained when 
the loudness of a white noise is judged 
on a scale from 1 to 7 (data from Stev- 
ens and Galanter [64], Fig. 9A). The 
spacing of the stimuli had been ad- 
justed to give a “pure” category scale. 
Just as in Fig. 1, we see that the form 
of the category scale is intermediate be- 
tween that of the j.n.d. scale and the 
scale of subjective magnitude. If plotted 
against the sone scale the category scale 
would be concave downward, as are all 
category scales on prothetic continua. 

It has occasionally been asserted that 
some scales of sensory magnitude agree 
with the scale obtained by counting off 
j.n.d.’s (74). Hanes’ (27) statement 
that this is true for brightness is a recent 
example, which has led, incidentally, 
to a certain amount of confusion. In a 
subsequent study Hanes (28) extended 
the range of his measurements far 
enough for us to see clearly that the 
scale of subjective brightness (in brils) 
departs from the jn.d. scale in the 
expected way. Perhaps Hanes should 
have stated this explicitly. 

I have summed the j.n.d.’s for bright- 
ness obtained by three different experi- 
menters (2, 18, 35) and have compared 
the results with Hanes? bril scale. The 
pictures presented are essentially simi- 
lar to that shown for loudness in Fig. 7, 
except that the curved tail at the lower 
end of the j.n.d. scale tends to be longer. 
The basic fact is that over the middle 
and upper ranges of intensity Weber’s 
law holds fairly well for brightness, but 
the bril scale is a power function. Over 
the range of the fainter luminances, 
Weber’s law breaks down to a degree 
sufficient to produce the apparent agree- 
ment Hanes spoke of. But it is quite 
wrong to jump to the general conclusion 
that j.n.d.’s add up to the bril scale. , 

We have already noted, in the dis- 
cussion of Guilford’s “nth-power law,” 
that in order for the j.n.d.’s to add up 
to give the magnitude function, AS 


cannot in general be an increasing func- 
tion of S. For most perceptual continua 
it must be a decreasing function of S. 
But this is “unheard of in psychophysi- 
cal research.” It would mean, for ex- 
ample, that it would be easier to tell 
when a centimeter was added to a meter 
than when a centimeter was added to 
a centimeter. Resolving power simply 
does not work that way. 

Suppose now for a moment we risk 
Titchener’s displeasure and try to think 
like a physicist. Physics also faces the 
problem of resolving power and in most 
physical measurements resolving power 
is relative—the accuracy of measure- 
ment is proportional to magnitude. ‘This 
fact is expressed by saying that length 
can be measured to 1 part in 10°, that 
resistance can be measured to 1 part in 
10°, or that time intervals can be meas- 
ured to 1 part in 10%, In this sense 
Weber’s law has its analogue in phys- 
ics. Now, it is Conceivable that some- 
one might propose that we give up our 
ordinary ways of measuring length, say, 
and devise instead a scale whose unit is 
the resolving power of our best pro- 
cedures. We would then be doing what 
Fechner proposed, In terms of our pres- 
ent units, the new units of length would 
grow increasingly larger as we go up 
the scale, and they would do so for the 
Same reason that the j.n.d.’s grow larger 
as we go up the Psychological scale on 
a prothetic continuum. The laws of 
Physics could be rewritten in terms of 
the new scales of units based on resolv- 
Ing power, but it would probably strike 
the physicist as less than sensible to try 
to do it—and not simply because it 
would be hard work. For reasons that 
he could readily justify, the physicist 
wants to start with magnitudes and not 
with resolving power. What I am sug- 
gesting is that there is sufficient parallel 
between physics and Psychophysics to 
justify the same approach in both fields. 
In neither discipline should we try to 
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make resolving powers, variabilities, con- 


` fusions, j.n.d.’s, discriminal dispersions 


or any such entities serve as units of 
magnitude on continua that behave like 
the prothetic continua of Class I. 


ScaLinc THEORY 


The same counsel recommends itself 

to those of us who devise scaling pro- 
cedures for other than perceptual vari- 
ables. As Gulliksen (26) complains, 
those who worry about psychophysical 
Measurement often ignore the work on 
nonsensory scaling, and vice versa. 
Titchener (71) also once complained 
that psychologists have ignored the ad- 
vances in subjective scaling achieved by 
the meteorologists. Insularity is prob- 
ably inevitable in an age of specializa- 
tion, but it has its dangers. One of the 
dangers is that the laws of human judg- 
ment developed under simple conditions, 
where we can better see what is going 
on, may be ignored when we work in 
more complicated realms where discern- 
ment is more difficult. 
_ A large segment of psychological scal- 
ing theory has been built around models 
that make scale “units” out of some 
measure of “discriminal dispersion,” but 
this is precisely the kind of unit that is 
demonstrably noé invariant on prothetic 
continua. Variabilities and confusions 
Provide a tempting starting point for 
Psychological measurement, chiefly be- 
Cause dispersion among our judgments 
is something we always have with us, 
but the transforming of unreliability, 
inconstancy, or confusion into units of 
Measure somehow needs more than as- 
sumptions to back it up. Our funda- 
Mental scales can, I think, stand on 
firmer ground than the mere scatter of 
our data. 

It is recognized, of course, that meas- 
ures of confusion often have a useful- 
hess of their own, and that for certain 
Purposes it is desirable to construct 


“equal discriminability” scales (16). 
The engineering of schemes for optimiz- 
ing the coding of information on cath- 
ode-ray tubes presents an interesting 
example of how such measures may be 
used in the prediction and control of 
confusability (36). But our concern 
here is with a different problem, namely, 
whether measures of confusion can be 
used as units of magnitude. 

The use of dispersion as a tool for 
magnitude scaling requires assumptions 
regarding its behavior. How does dis- 
persion (in psychological units) vary 
over the psychological continuum in 
question? A variety of assumptions re- 
garding the behavior of variability have 
been elaborated, but so far as I know, 
none of them come close to admitting 
the drastic growth in dispersion that we 
find to be true for Class I (prothetic) 
continua. Here, we recall, the disper- 
sion (in subjective units) approaches 
an exponential function of the number 
of j.n.d.’s above threshold or, alterna- 
tively stated, it grows almost in direct 
proportion to the psychological magni- 
tude. The assumption made in prac- 
tice is usually that dispersion (in psy- 
chological units) is constant, or nearly 
so. This is like Fechner’s assumption 
that j.n.d.’s are equal in subjective size. 
Direct experiments can sometimes verify 
this assumption on continua of Class II 
(metathetic), but on the “quantitative” 
continua of Class I they show that the 
assumption fails by a wide margin. 

On continua that behave like Class I 
we would be closer to right if we began 
with the assumption that discriminal 
dispersion is not constant but is pro- 
portional to the psychological magni- 
tude in question. When the psycho- 
logical magnitude is a power function 
of the stimulus, this assumption is 
equivalent to saying that psychologi- 
cal values separated by equal units of 
dispersion on the stimulus scale stand 
in a constant ratio to each other. If 
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we were to start from this assumption, 
could we then proceed to construct a 
useful scale of the psychological mag- 
nitude from measurements made of dis- 
criminal dispersion? In principle we 
might erect a new type of scale, but we 
could not construct an interval or a 
ratio scale of the kinds we ordinarily 
employ. While working on the theory 
of scales (54) back in the late 1930’s I 
had a hard time convincing myself that 
if we know concerning a series of values 
only that a/b = b/c =c/d= .. . we 
are powerless to proceed further toward 
what I have called a ratio scale of meas- 
urement. But the fact is that the equat- 
ing of ratios gets us no further unless 
(a) we can also equate intervals, or (b) 
we can determine the numerical value 
of the ratio (as we do under the ratio 
methods reviewed above). An example 
of how we might use equated ratios plus 
equated intervals to construct a ratio 
scale is discussed elsewhere (55, p. 24). 
But let us pursue for a moment the 
problem of what we might do when we 
have equated a set of ratios: a/b = b/c 
=c/d....We can assume that we 
have an operation for ordering these 
values and that OGRE, 
The problem then is, how may we as- 
sign numerical values to this series? 
As is true when we have a series of 
equated intervals, a — b = ġ — ¢=¢t= 
d=...,Wwecan pick any two values 
arbitrarily (subject only to the ordinal 
requirement), and having done so, all the 
other values are determined. Thus for 
the ratio series, if a = 2 and b = 6 then 
c= 18, d= 54, etc. The next question 
is, what transformations are permitted 
on this scale? We can show that any 
value + may be replaced by x’ provided 
x’ = kx” where k and n are constants 
that may take on any positive values. 
In other words we can always transform 
the scale values by a power function. 
For example, if we square all the values, 


the ratios remain equal. 
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A scale of this kind may be mathe- 
matically interesting, but, like many 
mathematical models, it has thus far 
proved empirically useless. At least, so 
far as I am aware, no uses for it have 
yet been found. In a formal sense there 
are certain parallels between a scale of 
equal but indeterminate ratios and a 
scale of equal but indeterminate inter- 
vals. On both, for example, any two 
values can be selected arbitrarily, and 
the scale values of both can be trans- 
formed by an equation involving two 
arbitrary constants. But the scale of 
equal intervals has great utility, as wit- 
ness the Fahrenheit and Celsius scales 
of temperature, and the scale of calen- 
dar time. And differences on interval 
scales can be measured on ratio scales, 
as when we measure intervals of dura- 
tion in seconds. But what can we do 
with equated ratios when the value of 
the ratio is indeterminate? 

obvious suggestion is that we 
might convert to logarithms and express 
the equated ratios as log a — log b= 
log 6 — log c= log ¢ — log d, etc. If 
we then restrict the values of a, b, ©, 
+ + + to positive numbers, we can set up 
an interval scale in logarithms. There 
is no a priori reason why we could 
not put this scale to work in a manner 
analogous to the workings of our linear 
interval scales, The linear and the loga- 
rithmic scales have in common the fact 
that the choice of the zero point is ar- 
bitrary. It might be interesting to ex- 
plore the Consequences of this procedure 
and perhaps try to answer the ques- 
tion why science has never made use of 
these logarithmic interval scales based 
on equated ratios, 

Another question arises. If we were 
to develop such scales, what would we 
call them? When I originally proposed 
(54) the names nominal, ordinal, inter- 
val, and ratio for the four classes of 
scales commonly used, I worried some 
about the scale based on equated ratios, 
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but I dismissed it as a purely academic 
question, for there appeared to be no 
examples of its use. If uses for it were 
to develop, we would like, perhaps, to 
call this class of scales ratio scales, for 
they are based on an empirical operation 
for equating ratios. But since the term 
ratio scale has now gained wide cur- 
rency as the name for the scales that 
admit only a similarity transformation 
(multiplication by a constant) it may 
be better to call the scale based on 
equated ratios a logarithmic interval 
scale. 

„With this class of scales included, the 
hierarchy of scales, together with the 
group of transformations permitted by 
each scale, would take the form shown 
in the diagram. 


Nominal Scale 
x'= f(x) 
(permutation group) 


Ordinal Scale 
x = f(x) 


a, oN 


Linear Interval Seale Logarithmic Interval Seale 


x's axtb x! 2 kx” 


(linear or affine group) (power group) 


aaa Za 


x's cx 


(similarity group) 


_ As this diagram suggests, a ratio scale 
1S possible whenever empirical opera- 
tions are available to create both types 
Of interval scales. If we can determine 
both equal differences and equal ratios 
We can eliminate the additive constant 
b and the exponent n, and we are left 
a only a multiplying constant C. 
his defines a scale with a zero point— 
What we call a ratio scale, or, if we 
Prefer, a “zero-point” scale. 
ma eturning now to the assumptions 
ade about discriminal dispersion we 
Note that, in terms of the scales listed 
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in the diagram, the assumption most 
often made is that the processing of 
variability will yield a linear rather than 
a logarithmic interval scale. It is not 
only in connection with the method 
of pair comparisons, which Thurstone 
called the “best of all the psychophysi- 
cal methods” (70), that the wrong as- 
sumption of constant dispersion (in psy- 
chological units) often gets made. This 
assumption is either latent or explicit 
in many subtler procedures, such as 
the methods of “successive intervals,” 
“graded dichotomies,” “successive cate- 
gories,” etc. (see 23). The foregoing 
arguments suggest that whenever these 
methods are applied to prothetic con- 
tinua, continua on which the jad. (dis- 
persion) tends to vary directly with 
magnitude, the resulting scales will turn 
out to be nonlinear. It seems obvious 
that none of the scales listed in Table 1 
could be constructed by the method of 
pair comparisons, or by any of its sev- 
eral cousins. The laws of judgment de- 
rived from direct experiments on per- 
ceptual continua make it plain that, un- 
less it can be demonstrated that the 
judgmental continuum behaves like those 
of Class II (metathetic), any scaling 
procedure that is geared to the assump- 
tion that equally often noticed differ- 
ences are equal is defective. 
Fortunately, this does not mean that 
no scaling is possible. We still have 
other devices, such as the direct meth- 
ods for ratio scaling. Is there a genuine, 
nontrivial, substantive problem calling 
for a psychological scale for which these 
methods, or some variation on them, 
cannot produce an acceptable answer? 
Or is it merely that we like to assume, 
with Fechner, that indirection is the best 
path to the goal? Contrary to a com- 
mon assumption, the use of the direct 
methods does not require knowledge of 
an underlying, measurable physical con- 
tinuum (48). Only a nominal scale 
(55) is required at the stimulus level, 
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i.e., the stimuli must be identifiable by 
the experimenter. For example, when 
the observer judges the apparent ratio 
between two stimuli the experimenter 
needs to know which two stimuli were 
involved, but he does not need to know 
their values on any other scale. I know 
from experience that it is more com- 
fortable to take it for granted that a 
direct method is impossible than it is 
to try to work one out. And it is still 
more onerous to test and refine the di- 
rect methods and to purge them of con- 
straints and biases. The problem of the 
scaling of psychological continua is full 
of booby traps, but so is the laboratory 
measurement of a physical continuum 
like, for instance, electrical inductance 
or mechanical impedance. 

Perhaps one of our professional idio- 
syncracies is that in psychology we are 
sometimes more enamored of models and 
methods than we are of problems. One 
occasionally gets the impression that 
there are more people with a method 
who are looking for a problem to use it 
on than there are searchers with a prob- 
lem looking for a method. It is ad- 
mittedly more entertaining to make a 
formal model, complete with assump- 
tions, postulates, and derivations, than 
it is to grub through the empirical 
tangle of an experimental issue. But if 
something empirically useful is to issue 
from a model, something empirically 
known must be put into it. The gra- 
tuitous assumption that some measure 
of dispersion, sensitivity, or resolving 
power can be used as the unit of a scale 
of psychological magnitude does not 
meet this requirement. 


SUMMARY 


This paper has rambled far enough 
afield at this point and it is time to try 
to restate the issues in briefer compass. 
The main points are these. 

Two general classes of perceptual con- 


tinua can be distinguished by means of 
four functional criteria. On Class I or 
“quantitative” continua the j.n.d. in- 
creases in subjective size as psychologi- 
cal magnitude increases, category rat- 
ing-scales are concave downward when 
plotted against psychological magnitude, 
comparative judgments exhibit a time- 
order error (a “category effect”), and 
equisection experiments exhibit hystere- 
sis. On Class II or “qualitative” con- 
tinua these four effects are apparently 
absent. Class I, called prothetic, in- 
cludes those continua on which dis- 
crimination is mediated by an additive 
mechanism at the physiological level; 
Class II, called metathetic, includes 
those mediated by a substitutive mecha- 
nism. 

On Class I (prothetic) continua the 
use of one or more of four kinds of 
direct methods for constructing ratio 
scales reveals that equal stimulus ratios 
tend to produce equal subjective ratios. 
Hence, to a first-order approximation 
the “psychophysical law” relating stimu- 
lus and response is a power function. 
The exponent, as measured on fourteen 
different continua, varies from about 0.3 
for loudness to about 2.0 for visual flash 
rate. A few workers in the past have 
conjectured this Power function, even 
starting sometimes from wrong assump- 
tions. Only lately, however, is this law 
becoming securely anchored in experi- 
ment, 

__ Fechner’s logarithmic law is not found 
In experiment for the simple reason that 
resolving power (the j.n.d.) is not con- 
stant in psychological units, but is 
roughly proportional to psychological 
magnitude. For this reason, all pro- 
cedures of Fechnerian extraction, like 
the method of Pair comparisons and its 
related techniques, which seek to build 
scales out of “unitize” measures of 
dispersion, are not proper methods for 
scaling magnitudes that behave like 
Class I or prothetic continua, When- 
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ever psychological scales are called for, 
direct ratio scaling methods should prob- 
ably be tried. 
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THEORY OF SELECTIVE LEARNING WITH 
PROBABLE REINFORCEMENTS 


FRANK RESTLE 1 


Center for Advanced Study in the Behavioral Sciences ? 


This paper presents a quantitative 
description of some simple selective- 
learning data. The descriptive sys- 
tem is shown to subsume the writer’s 
theory of discrimination learning (11), 
and to relate closely to Estes’ statisti- 
cal theory (5). 

Recent mathematical formulations 
of learning (2, 3, 4, 5, 6, 11) describe 
the stimulus situation as a set of ele- 
ments, each of which is conditioned to 
(tends to evoke) exactly one response 
at a given time. During learning, if 
a certain response A; is reinforced, a 
cue may switch and become newly 
conditioned to A; The probability 
of such a change is the rate-of-learning 
parameter. Estes (4, 5, 7) and Bush 
and Mosteller (2, 3) have shown that 
such a model has many consequences 
for learning with random reinforce- 
ment schedules, correctly predicting 
asymptotes in guessing experiments 
(3, 5, 7). However, certain discrep- 
ancies have appeared when theoretical 
expectations are compared with per- 
formance on early trials. Estes? has 
listed some problems which, if solved, 
would contribute to a workable de- 
scriptive theory of elementary learn- 
ing. One of these is the tendency of 
the parameter representing learning 
rate to vary systematically with rein- 


1 Appreciation is due Dr. W. K. Estes for 
his advice and criticism, and for lending pre- 
publication drafts of papers. The writer has 
benefited from extended seminars and con- 
versations with L. B. Wyckoff, P. Suppes, and 

owes. P 
ie at Michigan State University. 

3 See Estes, W. K., The statistical approach 
to learning theory (draft), pirapared for oa 

report of APA “Project A,” Analysis oj 
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forcement probabilities. In general, 
learning is more rapid when the prob- 
abilities of reinforcement are more 
extreme. A second problem is that 
subjects can master discrimination 
problems to perfection even in the 
presence of “overlap” stimuli which 
are not differentially reinforced. The 
writer’s discrimination theory (11) 
has some success in resolving the 
stimulus-overlap problem by assum- 
ing that irrelevant cues are adapted. 
This paper extends this discrimination 
theory to cases of random reinforce- 
ment, using Estes’ equations for prob- 
ability learning, but, in addition, 
offering a descriptive account of how 
learning rate may depend on reinforce- 
ment probability. ` 
The major points to be made in this 
paper are that (1) the stimulus situ- 
ation in two-choice learning expe!” 
ments is represented by a set of dis- 
criminable aspects called “cues”; ( 
a cue may be “conditioned” to either 
response; (3) a cue may be “adapted 
and rendered nonfunctional during 
learning; (4) the probability of a re- 
sponse is the proportion of the un? 
adapted cues conditioned to it; 
the degree to which a cue is differenti- 
ally reinforced determines its “val- 
idity”; and that (6) the rates of co" 
ditioning and adaptation depend °° 
the validities of the cues available- 
When these assumptions are state 
quantitatively, the theory is shown t° 
have three characteristics: first, under 
certain limiting experimental condi- 
tions it leads to a process of probabil- 
ity learning similar to that in Estes 
theory, and in particular with the sam 
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asymptotes ; second, when applied to 
discrimination learning it has the same 
consequences as the writer's earlier 
discrimination-learning theory (11), 
with the same way of handling stimu- 
lus overlap; and third, it describes the 
connection betweeen reinforcement 
probabilities and learning rates in the 
simplest probability-learning experi- 
ments. 


THEORY 


The Set of Cues 


We think of the stimulus situation 
as composed of a set of discriminable 
aspects, called “cues,” k, k', k”. The 
set of cues is called K and the number 
of cues is N. The proportion of cues 
belonging to any manipulated aspect 
of the situation is measured from be- 
havior, and the number of cues, N, is 
for most purposes arbitrary. 


Conditioning of Cues 

Following Estes (4), we assume that 
a cue is conditioned to one or the 
other response alternative at any 
time, on an_all-or-none basis. The 
probability that cue k is conditioned to 
response A, at trial n is called F(k,7)- 
If a cue is conditioned to A» and then 
A, is reinforced, it may switch over 
and become conditioned to £1- The 
probability of such a switch is a con- 
stant called 6, the “rate-of-learning” 
parameter. On this assumption, We 
get the following equations of change 
of F(k,n): 


i) If A; is reinforced on trial 7, 
F(kyn-+1) = F(kn) (1-0) +0. (1) 
ii) If As is reinforced on trial #, 
Fik +1) = F(kn)(1— 4). @) 
If Ay is reinforced on some fixed 


aoe m of the trials and 42 is 
reinforced on all other trials, the mean 
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equation is 
F(k,n-+1) = F (Ryn) (1-0) +78 (3) 
which has the solution 


Fikm + 2) = 7 
— [r — Fkn] — 0)". (4) 


Equation 4 is the conditioning equa- 
tion which will be used in the applica- 
tions discussed in this paper. 


Adaptation of Cues 


During learning, a cue may be- 
come “adapted” (11) and lose its 
effect on response. Different cues 
have different probabilities of be- 
coming adapted. If cue k is not 
adapted by the beginning of trial 7, 
the probability that it will be adapted 
by trial n +1 is o(k). This con- 
sideration gives us an equation for 
a(k,n), the probability that cue k is 
adapted at the beginning of trial 2, as 
follows: 


alkm + 1) = a(k,n) 
x [1 — e@I1 +o) (5) 


which has the solution 


a(kyno + 2) = 1 — (i= a(k,no) ] 
x [i — (k). (6) 


Equation 6 is the adaptation equation 
which will be used in applications. 


Probability of @ Response 

The probability of response A: is 
the proportion of unadapted cues 
conditioned to it. The probability 
that cue k is unadapted is 1 — a(k,n), 
and the probability that it is condi- 
tioned to A: is F(kn). Thus, 


s[1 = a(k,n)| ° 
(k a member of K). (7) 


p(n) = 
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Validity of Cues 


The experimenter determines the 
validity of a cue by differential rein- 
forcement. Suppose that one re- 
sponse to cue k is reinforced proportion 
x of the time and the other is reinforced 
1-7 of the time. The cue is a good 
predictor of reward if m is near one or 
zero, and it is useless if r = .5. The 
term ‘“‘validity” underscores an anal- 
ogy between the problem facing an S 
in selective learning and that facing a 
diagnostician. As the diagnostician 
tries to predict some criterion, using 
various test items with varying validi- 
ties, so the S tries to select the correct 
response, using various cues which 
may be related in varying degrees to 
reward. 

Validity of a cue, V, may be meas- 
ured in several ways, but to get the 
simplest empirical laws it seems best to 
define it as 


V=4r— 4r +1. (8) 


The use of a quadratic function is sug- 
gested by the possibility that validity 
depends on the proportion of pairs of 
trials on which consistent information 
is received, 72 -+ (1 — 7), and on 
which contradictory information is re- 
ceived, 2 7(1— 7). The coefficients 
of the quadratic equation are fixed by 
making the validity of a consistently 
reinforced cue (m = 1 or m = 0) equal 
to one, and the validity of an irrele- 
vant cue (7 = .5) equal to zero. 


Rates of Conditioning and Adaptation 
as Functions of Cue-Validity 


In the writer's discrimination learn- 
ing theory (11) it was assumed that 
the rates of conditioning of relevant 
cues, 0, and adapting irrelevant cues, 
o(k’), were equal to one another and 
were also equal to the proportion of 
relevant cues. This basic idea is now 
generalized to experiments with vari- 
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ous reinforcement probabilities and 
to cues with validities between zero 
and one. 

It is assumed that the rate-of-learn- 
ing parameter controlling condition- 
ing of cues, 0, is equal to the mean 
validity of cues. That is, 


0 =E VAN, 
(k a member of K). (9) 


If all cues have validities 1 or 0, as is 
the case in the discrimination theory, 
then the mean validity is equal to the 
proportion of relevant cues. 

It is assumed that the probability 
of adapting cue k’ depends on the 
number of cues more valid than K’, 
and the degree to which they are more 
valid. Mathematically 


p(k’) = E (Vi — Vy)/N, (k, k 
in K, and V> Vy). (10) 


If Vi = 0, then $(k’) =0 and the 
probability of adapting an invalid cue 
is the same as the probability of con- 
ditioning. If there is no cue with 
higher validity than Rk’, then $(k’) 
= 0 and %' is not adapted. 


RELATION To STATISTICAL 
LEARNING THEORY 


Tt was stated that the present 
theory is, under certain circumstances, 
very like Estes’ statistical learning 
theory. If all relevant cues have the 
same probability, (k,n), of being 
conditioned to the A, response, and 1 
all irrelevant cues are adapted, then 
from Equation 9 


b(n) = F(k,n). (11) 


If we substitute p(n) for F(k,n) in the 
difference Equations 2 and 3, we have 
the simplest cases of statistical learn- 
ing theory. From Equation 7 we see 
that as v increases, a(k’.n) asymptoti- 
cally approaches 1, so that after suffici- 
ent training all irrelevant cues will be 


THEORY OF SELECTIVE LEARNING 


185 


adapted. Thusastraining progresses Similarly, no cues are adapted at 


the present theory gets closer and 
closer to the Estes model, and the 
asymptotes of the Estes model are in 
at least some cases the asymptotes of 
the present theory. In analysis of 
the present cue-learning theory it is 
often convenient, if only asymptotic 
probabilities are of interest, to study 
Estes’ simpler model. 

This correspondence between the 
present theory and statistical learning 
theory is neither an accident nor a 
convergence of independent theoreti- 
cal approaches. The elegance and 
empirical success of the Estes and 
Bush-Mosteller formulations led the 
present writer to adopt their funda- 
mental notions and formulas, and the 
Correspondence to earlier models was 
built into this theory. 


RELATION TO DISCRIMINATION 
LEARNING THEORY 


In an earlier paper (11) the writer 
offered a theory of two-choice dis- 
crimination with consistent reinforce- 
ment of relevant cues. A discrimina- 
tion learning problem was described 
as having 7 relevant cues (with valid- 
ity V, = 1) and 7 irrelevant cues with 
validity Vy = 0. At Trial 1 neither 
relevant nor irrelevant cues are differ- 
Entially conditioned—a situation we 


a represent in the present notation 
F(k,t) = F(R’) = 5. (2) 
b(no+n) 


_ tir- [r Fkn) ]0 -0 


p iF (ki motni —alk' 


Trial 1, so that 
a(k, 1) = a(k',1)=0. (13) 
From Equation 9, 
6=7/(r +i) (14) 
and from Equation 10, 
$(k) = 0 (15) 
olk’) = 8. (16) 


These bounding conditions inserted in 
Equations 4, 6, and 7 yield the equa- 
tions of discrimination learning theory. 


VALIDITY AND THE RATE OF LEARNING 
IN GUESSING EXPERIMENTS 


Several experiments on guessing as 
a function of the probability of rein- 
forcement have found that the rate- 
of-learning parameters depend on 7. 
Our notion of cue-validity, and the 
assumption that learning rates de- 
pend on validity (Equations 9 and 10), 
are intended to give a quantitative 
description of such findings. 

In each such experiment we assume 
that there are 7 relevant cues with re- 
inforcement probability 7, and t ir- 
relevant cues with reinforcement prob- 
ability .5. Let hk be a typical relevant 
cue, and k’ a typical irrelevant cue. 
Substituting Equations 4 and ó into 
Equation 7 and noting that o(k') = 9, 


we have 


sno) 118)" (17) 


‘ 


ue. 


4 ; 
NG call advantage of Estes’ and 
matical. 1 Mioatellens theories is their mathe- 
Statistics puclopment, which gives detaile 
reinforce of data in a wide variety of random 
n) of ee situations. The equations for 
Tighe diment theory are considerably 
ifficult to work with in most cases. 


r+i[l Zalk m) (1-8) 


r/(r + 4) be the propor- 


If welet ô = 
pe t cues, it follows from 


tion of relevan 
Equation 11 that 
9=5V 


where V is defined by Equation 8. 


(18) 
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If we divide all the terms in the 
right member of equation 17 by r+i 
and use the definition of 6 to simplily, 
and at the same time substitute ôV 
for 90, it follows that 
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ing conditions. While _the ae 
menter may intend to aos = 
native A; on some fixed propor oe 
of the trials, he can actually = at 
plish this only on the average. 


5{a—[r— F(k,no) (1-8 V) 4} 


P (not 


n) = 


+ (1-8) F(R! 


Inspection of Equation 19 shows that 
if (1 — ôV)! approaches zero the 
Umit of pn + n) ise. In such a 


situation the subject approaches the 


“probability matching” asymptote, 
eventually making response A, as 


frequently as it is reinforced. The 
larger V is, the mor 


of reini 
an appropriate fashion, 

The aim of this Paper is to make 
accurate quantitative Statements 
about the relationship of learning rate 
to V. To do thi 


IS we must establish 
the starting conditions by determin. 


ing for some trial, 19, the valų 
F(kyno), F(R’ no), and a(k ny, les of 


Orcement, in 


Starting Condition 


S în Guessiy 
$ t - 
periments £ Ex 


In the experiments th 
consider, sub 


jects com 
noticeable bias, so that 

It is possible to estimate (1) E 
proportion of 4, response 

early trials. We do 
cues are responsible 
appears, so for co; 
that the initial 


equally over all 


for any bj 

nvenien 
bias j 
cues, 


* as that 
= ie assume 


S distrib 
rp Stributeq 


(20) 


ther 
tart- 


Besides initial pj 


: : wes; ON fiy 
consideration arises 


in regard to g 


Mo+n)[1—a(k' 29) ](1—8 DE 
5+ (1—ò)[1—a(k mn) ] (1—67) 


(19) 


e 
” ce on 
the first trial he must reinfor 


It may 


forcements of A; and no or six 
ments of A. for the first ~ o rein- 
even ten trials, though som 
forcements are to be pea pro 
this initial block of trials he same a 
given the subject is just i d to gn 
if the experimenter intenc thr = 
reinforcement consistently Wi o ow 
Thus, for some initial bloc Jem 
trials, the subject works on a P iS 
With actual r =1 and V ier wit 
then shifts over to a prob a 2 
intermediate reinforcement P” 1 
ties, p(n) 
An exact learning curve ox e 
e written using the actual tio! 
of reinforcements. Compute 
easier if we assume that, at As 
o = a/(1 — 7) trials, only f 
forcements are given (T “il 1 
rial #941 an As renion. jals 
given, and on all subsequer sy 
isa satisfactory approximat p% 
actual relative frequency © 


orcements, 
oft 
ons 
Probabitity of an Ay per jem E 
Trial nina Guessing P" e 


J 
SUP ig 

i „js the? gi 
During the first 120 trials gimP «aig 
aS a problem just like gta i 
crimination 


learning 
Probability 


p(t). 


with any 
Thus f0 
l +h: 
€ss than or equal to 70 


=. 


ES o 


tA 
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aft — [1 — pwa — 4) + A — de — syn 
, (21) 


p(n’) 


wheres 
an aa any later trials not n we 
y Equation 19 with 


F 
(ny + 2) = (1-01 — pity] 
a x (1 — aH} (1 — ô) 
F 
Rma + 2) = 5 — (5 — p(t) 
; x (1 = gjit 
akm + 2) = 1 — (1 — a. 


in thi 
n this i 
feal e aon we construct a theoret- 
guessi ling curve for learning in a 
= ng periment 
or ' ; 
and ee ae to estimate parameters 
Wish to ay e theory conveniently, we 
fitting E oid the laborious process of 
i Ne quations 19 and 21. To do 
Score’? as the theoretical “total 
tained J, in 11, Equation 8), ob- 
unction A cumulating the learning 
to a good W); The method, accurate 
the diseret pproximation, is to replace 
tion of a e function p(n) by a func- 
integrate continuous variable ¢, and 
integratio, the resulting p(t). The 
a explicit Is elementary® and gives 
Pulky, is oe which, while 
Mtegra] e ‘hi e. We shall call this 
im represen hich is not given here) 
Tom 1 to P ache cumulative $(7) 
-Tm is the total number of 


onses mz 
Onses made on the first m trials 


4 
Lresp 
raining 


of 


Empiri 
K p Estimates of V as a Function 
r vO 
wie the Pte groups of subjects 
he same F pulation are trained 
Prob put with oe and instruc” 
Sam abilities, y ifferent reinforcement 
Sam, CUes a ve assume they have the 
T Oe and thus the 
eg. the Fa of relevant cues 4, 
i will qi Fe idity of the relevant 
r. In such an experi- 


ang ttington’s 7 
d 310, ` °™'s Tables (1, p. 82), formulas 


EED 


ment one group of subjects can be 
used to estimate 6, and this same 6 
can be used for the other group, per- 
mitting a direct numerical estimate of 
V as a function of m. Grant, Hake, 
and Hornseth (9) ran five groups of 
twenty subjects each in a guessing 
experiment with reinforcement prob- 
abilities of 1.00, 0.75, 0.50, 0.25, and 
0.00. Symmetry in the data permits 
us to lump the1.00and the0.00groups, 
calling them 7 = 1, and the .75 and 
.25 groups, calling them 7 = AS: 
The .50 group showed virtually no 
learning, as expected, and is disre- 
garded. 
The data from this experiment are 
used to check the assumed validity 
function given in Equation 8. The 
relevant cues for the m = 1 group 
were assigned validity V = From 
this group we estimated the propor- 
tion of relevant cues, 3. Using this 
value 6, we then found the value of V 
which would cause the .75 group to 
make 34.5 A1 reponses in 60 trials, 
as observed. The results of the 
computations are shown in Table 1 
The obtained value of V at .281 is 
relatively close to the value predicted 
by Equation 8, which is ACIS) = 
4(.75) +1= 250. There seems to 
be no way to test the statistical reli- 
ability of the discrepancy. 


A second measure of V is accom- 
i a from an ex- 


man 


hey use 7 
(8). may 9, 8,67 .6, and .5 in 


abilities of 1.0, 7,6 
a “problem-solving” situation. A pe- 
2 e . e 
arity of their technique was 2 P 
ee sessio. h the subjects 


trainin 
e shall as- 
ng had the 
Il irrelevant 


Jevant Cues. 
his pretraini 
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TABLE 1 


SUMMARY OF CALCULATIONS ON GRANT-HAKE-HorNSETH EXPERIMENT 


pci) no=x/(1—z) ô Two Estimated V | Predicted V 
1.00 46 — 137 52.7 — (Assumed to be 1.0)— 
75 46 3 137 


34.5 281 | 250 


cues before the actual training trials 
began. The assumption is stated as 


alki) =1 


for any irrelevant cue k’. With this 
assumption we see that, according to 
Equation 7, for all trials x, 


b(n) = F(k,n). 


With this special assumption it is 
possible to sum p(n) directly, dis- 
pensing with the approximation. 

In analysis of the Goodnow-Post- 
man experiment we again use the 
x = 1 group to estimate ô, the pro- 
portion of relevant cues. For all 
other groups all parameters except 
p(1) were known, and estimates of 
p(1) were made easily, since all groups 
showed about the same bias. Under 
these circumstances it is possible to 
make empirical estimates of V as a 
function of reinforcement probability, 
This was done using the -9, 8, .7, and 


-6 groups. The detailed results of the 
computations are shown in Table 2. 
The correspondence between esti- 
mated and predicted values of V is 
quite good, especially for those groups 
which learned slowly and had small 
values of V. Since there were only 
eight subjects per group the estimates 
of V are probably not highly accurate. 
However, when the estimates of 
from the Grant-Hake-Hornseth and 
Goodnow-Postman experiments are 
plotted against the prediction from 
Equation 8, as in Figure 1, the results 
are encouraging. 

If we accept Equation 8 as repre- 
senting the relationship between valid- 
ity (and thus learning rate) and 7, the 
theory can be used to explain the de- 
tailed results of guessing experiments 
reported by Estes and Straughan (7) 
and Jarvik (10). Estes and Straughan 
trained 16 subjects in each of two 
groups with reinforcement probabili- 


TABLE 2 
SUMMARY oF CALCULATIONS on Goopnow-Postman EXPERIMENT 
p p(t) no=x/(1—x) è Tw Estimated V Predicted V 
asp tals os sae ee 
1.0 43 — :078 13.7 — (Assumed to be 1.00)— 
n A A 
6 43 9 .078 66.7 .860 .640 
kat ose eerie =. 
3 43 4 .078 54.5 .260 360 
ee Fac SE 
7 43 2 078 48.0 161 160 
CTSA 
P 43 2 .078 42.0 044 040 


= - 
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TABLE 3 


SUMMARY OF CALCULATIONS ON THE ESTES-STRAUGHAN 
AND JARVIK EXPERIMENTS 


Estes-Straughan Experiment 


Total Ar Total Ar 
m pal) no ô Theoretical V Peete) eoe) 
85 50 6 | w | 490 HB — 
\ 
(.70) 42 2 | 167 \ aS \ 613 67.8 
\ 
Jarvik Experiment 
x pay ita 3 rire). deepens tae e 
ies (Obtained) (Thepretical) 
744 46 3 342 238 60.0 æ 
663 46 2 342 106 52.0 49.8 
593 46 2 342 | 035 | 46.5 46.8 


ties of .85 and .30. Our computation 
is to estimate 5, the proportion of 
relevant cues, from the data of the 85 
group, and then assuming that 6 is 
the same for the .30 group and V de- 
pends on m according to Equation 8, 
compute the theoretical performance 
of the .30 group. Jarvik had three 
groups with reinforcement probabili- 
ties of .744, .663, and .593. The 
data of the .744 group are used to 
estimate 6, and then performance 
curves are predicted for the other two 
groups according to the theory- e 
detailed results of these computations 
are shown in Table 3. Inspection of 
the results shows that the theory is 
able to predict the total Æ, reponses in 
m trials with acceptable accuracy in 
these two experiments. 

Figure 2 summarizes 
accuracy of the proposed theory. 
group with the highest reinforcement 
probability in each experiment is used 
to predict the results of the other 
groups, and theoretical expectations 


the empirical 
The 


are compared with observed data. In 
each of the predictions the starting 
probability p(1) was estimated from 
the data of the group predicted. 
Other than this, the predictions are 
computed without reference to the 
performance of the group predicted. 


10 
O ESTIMATED V, GOODNOW 8 
POSTMAN DATA (8) o 


8+ o ESTIMATED V, GRANT, HAKE & 
HORNSETH DATA (9) 


CUE VALIDITY (V) 


£ ee ay O 


oO & A 
EINFORCEMENT PROBABILITY (M) 


RI 

Fic. 1. Cue validity as a function of rein- 

forcement probability—theoretical hypothesis 
(Eq. 8) and empirical estimates. 
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O-O OBSERVED 


@ È PREDICTED 


TOTAL A, RESPONSES 


5 6 7 8 9 10 
REINFORCEMENT PROBABILITY (™ 


Fic. 2. Theoretical Predictions of total- 
response scores in four experiments with 
empirical observed means, 


Discussion 


The theoretical formulation pre- 
sented in this paper has been shown 
to give rise to the same asymptotes as 
does Estes’ theory in simple prob- 
ability-learning situations, to have the 
Same consequences as the writer’s 
earlier discrimination learning theory 
when applied to such data, and to give 
a quantitative account of the relation 
between reinforcement probability 
and speed of learning in guessing 
experiments. 

As this theory describes learning, the 
probability of learning a Particular 
cue depends on what other cues are 
present and on the correlations of 
those cues with reinforcements, This 
assumption is quite different from the 
approach taken by Estes and Burke 
(6), who suppose that each element 
has its own invariant sampling param- 
eter. If the Estes-Burke model is 

right, a complex problem can be pre- 
dicted theoretically as an assembly of 
stimulus elements, each with its own 
fixed parameter. Using the present 


theory, we consider a complex prob- 
lem as an assembly of elements which 
may appear in simpler problems, but 
the parameters of these elements de- 
pend on the context of the problem as 
awhole. While analysis of a problem 
as a whole seems at first too difficult, 
the results reported in this paper indi- 
cate that appropriate simplifying as- 
sumptions may make definite compu- 
tations feasible. 

The empirical results show that the 
present theory correctly describes the 
relation of learning rate to reinforce- 
ment probability. These results do 
not constitute evidence that the theory 
is correct, since the theory was formu- 
lated in the light of those results. In 
Particular, the function relating valid- 
ity to reinforcement probability, Equa- 
tion 8, was selected because it seemed 
to fit the data. It is hoped that this 
formulation will stimulate the collec- 
tion of more Precise parametric data 
regarding the rate of learning under 
conditions of probable reinforcement- 
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VALUE AND THE PERCEPTUAL 


JUDGMENT OF MAGNITUDE? 


H. TAJFEL 


University of Durham, England 2 


Problems connected with the influences 
exercised by motivational factors on per- 
ception have been subject to much de- 
bate in recent years. It seems that the 
dust of controversy is beginning to set- 
tle. A reaction is setting in (e.g., 17) 
against premature attempts to construct 
theories which would cope with the 
enormous variety of facts in this field, 
even before many of the facts have been 
properly established. These general 
theories were based in part on an a 
priori assumption that all the phenomena 
concerned can be reduced to, and for- 
mulated in terms of, a few very wide 
and nonspecific principles. No one can 
tell at present whether such an assump- 
tion is justified; but its hasty acceptance 
seems to have led to a confusion of ex- 
perimental issues which has not been 
avoided either by those who stressed the 
importance of motivational variables in 
perception or by those who persistently 
denied it. The primary concern of this 
paper is with only one of these issues: 
the phenomena of perceptual overesti- 
mation, presumably due to value or 
some related variables, One of the rea- 
sons for this concern is that there exists 
a body of positive experimental findings 
in this field which cannot be ignored, 
and for which a consistent explanation 
has not yet been offered. 

In the last fifteen years or so about 
twenty experiments on various aspects of 
overestimation have been conducted. Of 


1I wish to express my gratitude to Pro- 
fessor J. S. Bruner for encouragement and ad- 
vice; and to Dr. W, Sluckin and Mr. D. 
Graham from the University of Durham for 
many useful suggestions, 

2 Now at the University of Oxford, Delegacy 
for Social Training. 
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those, only two have yielded unambigu- 
ously negative results (3, 21). Partly 
hegative results have been reported by 
Carter and Schooler (8), and by Klein, 
Schlesinger, and Meister (19). Allother 
workers were able to conclude that, in 
the situations which they were using, 
“motivational” or “value” variables had 
an effect on their subjects’ perceptual 
judgments of magnitude. Shifts in judg- 
ments of size (e.g., 1, 2, 5, 6, 7, 10, 20, 
26), weight (e.g., 9), number (e.g., 25), 
and brightness (13) have been reported. 

All this evidence cannot be dismissed 
as an accumulation of experimental arti- 
facts, Furthermore, perceptual accentu- 
ation need not be Considered as a “mal- 
adaptive” Phenomenon. The fact that 
it may represent a departure from the 
“objective teality” leads to a general 
criticism which consists in pointing out 
that in order to Survive we must per- 
ceive the world as it is, that we usually 
do, and that therefore the fleeting phe- 
stimation are more typi- 
fic laboratory situations 
have been demonstrated 
tion under normal condi- 
is, however, a possibility 
in the judgments of mag- 
! concern us here do not 
interfere with an adequate handling of 


the environment, They may even be 
of help. 


A CLASSIFICATION 

The experiment. 
fall naturally into two classes. 
sroup, changes in th 
stimuli under investigation are relevant 


to the changes in value. The experi- 
ments on coins Provide an example here: 
in general, the larger the coin, the greater 


S on overestimation 
In one 
e magnitude of the 


o- 
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its value. The experiment of Dukes 
and Bevan (9), in which judgments of 
weight of jars filled with sand were com- 
pared with judgments of weight of jars 
filled with candy, would also be “rele- 
vant” in this sense: heavier jars would 
Presumably contain more candy, and 
thus have greater “value.” On the other 
hand, several experiments have been re- 
Ported in which changes in value have 
in no apparent way been related to 
changes in the physical dimension which 
e subjects were requested to judge. 
va in the experiment by Lambert, 
a omon, and Watson (20), the color of 

e disc was the determinant of its value, 
as red discs only were associated with 
reward; but judgments of size were re- 
Seine of the subjects. In the experi- 
s ents by Bruner and Postman (6) and 
R Klein, Schlesinger, and Meister (19), 
ns containing a swastika were among 
a stimuli used. Judgments of their 
ee ae compared with judgments of 
Her o discs containing neutral symbols. 
a e again, the size of the swastika has 
ae easily conceivable relationship to its 
a a of relevance. Further examples 
pee both classes of experiments could 

given. 


eg 
EAN? DIMENSIONS AND THE 
CCENTUATION OF DIFFERENCES 


ee us first deal with the “relevant” 
who: p of experiments. The stimuli 
eee were judged in these 
series igations form, by definition, 4 
ie Hee concurrently in at least 
(size imensions: the physical dimension 
of E weight), and the “dimension” 
see The concern of most experi- 
that ike has been to show (or to deny) 
rans a stimuli of the series in which 
Š ks ion in magnitude was paired in 
value a ironment with a variation in 
obiective judged larger than stimuli of 
ongin S equivalent magnitudes be- 
his g to a different, “neutral,” series. 

> judgments of size of coins were 


compared with judgments of size of 
cardboard or metal discs, and judgment 
of weight of jars filled with candy with 
similar judgments of jars filled with 
sand. Little attention has been paid to 
the perceived differences between the 
magnitudes of the stimuli in the “val- 
ued” series, as compared with the cor- 
responding relationships in the “neutral” 
series. 

It seems that some, at least, of the 
apparent contradictions between the var- 
ious experimental results can be resolved 
if this intraserial aspect of the situation 
is considered. On the basis of an argu- 
ment to be developed later, a prediction 
can be made that in a “relevant” series, 
where value changes concurrently with 
the dimension subjected to investigation, 
the differences between the stimuli of 
the series will be perceived as larger 
than the objectively equivalent differ- 
ences between the stimuli of a neutral 
series, where no such association exists 
between value and magnitude. This 
comparison of the perceived differences 
within the two series would acquire its 
fullest meaning when intraindividual 
data are considered. Large individual 
variations are to be expected in the fine- 
ness of discrimination for both relevant 
and neutral series, but the tendency for 
a larger accentuation of differences in 
the former is likely to appear in most 
subjects, independently of the absolute 
values of the differences. 

All the results to date in the “rele- 
vant” group of experiments support this 
contention. The quantitative difference, 
as expressed by subjects’ judgments, be- 
tween the two extremes of a series has 
been adopted as a rough measure of the 
accentuation of differences. This limita- 
tion was found necessary for two rea- 
sons. In the first place, coins, for ex- 
ample, differ not only in size and value. 
Secondly, it is possible that other de- 
terminants of quantitative judgment, 
such as the interaction of various gen- 
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TABLE 1 


(CONVERTED FROM CARTER AND 
ScHooLER, P. 202)* 


TABLE 2 


(CONVERTED FROM BRUNER AND RODRIGUES, 
TABLE 6, P. 21) 


Percentage Increase 
from Actual to 
Perceived Extension 


Stimuli 


Cardboard discs 16.81 
Aluminum discs 16.20 
Coins judged when present 33.91 
Coins judged from memory 38.69 


* Judgments of the "dime" and of the corresponding 
discs in other series have not been taken into account 
in this table, as the “dime” represents an exception in 
the concomitant variation of size and value in coins, 


eralization gradients (cf, eg., 18), 
might counteract in some segments of 
the series the expected accentuation of 
differences. 

A glance at Fig. 1 in the early study 
by Bruner and Goodman (5) shows 
that the perceived difference between 
the smallest and the largest coins (ex- 
tension of the scale of judgments) is 
much larger than the Corresponding ex- 
tensions for discs. A conversion of the 
data in the experiment by Carter and 
Schooler (8, Table I, p. 202) to similar 


extensions, for all subjects combined, 
shows that: 


a. In all series of stimuli (coins, alu- 
minum and cardboard discs) the per- 
ceived extensions are larger than the 
actual ones; 

b. The relative differences between 
the actual and the Perceived extensions 
are about twice as large for the series 
of coins as for both series of discs (see 
Table 1). 


Carter and Schooler imply this when 
they “ . . . suggest that there is a con- 
stant error involved in making these size 
judgments such that small coins are 
underestimated and large coins are over- 
estimated in size” (8, p. 205); but they 
do not seem to draw further conclusions, 

Bruner and Rodrigues (7) have in- 
troduced in their well-controlled experi- 


Percentage Increase from 
Actual to Perceived 


Stimuli Extension 
Value Set | Accuracy Set 
Coins (on table) 68.2 73.7 
Metal discs 34.9 55.7 
Paper discs 20.9 39.8 


ment the notion of “relative increase in 
overestimation” in which some of the 
suggestions made here are already im- 
plicit. Half of their subjects were as- 
signed to a “value set” in which the in- 
structions to the subjects emphasized the 
purchasing power of money. The other 
half were assigned to an “accuracy set” 
in which the experimenters’ concern with 
accurate judgments of size was stressed- 
A conversion of their data similar to 
the above conversion of Carter and 
Schooler’s data gives similar results (see 
Table 2), 


This table is suggestive in several 
ways: 


a. The same general tendency as in 
Carter and Schooler’s data emerges: th e 
relative extensions for the value series 
are considerably larger than for both 
neutral series, 

b. All extensions in the “accuracy 
set” are larger than the corresponding 
extensions in the “yalue set.” This is 
not inconsistent with the general prop- 
osition put forward here that the rele- 
vance of a series of stimuli is related to 
an emphasis of the differences between 
them. It is Teasonable to assume that 
an appeal for accuracy of judgment 
would lead to similar results in its stress 
on clear discrimination between the 
stimuli of the Series. 

c. The differences between the exten- 


sions of the value and the neutral series 


Ñ 
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are less marked in the “accuracy” than 
in the “value” set. This is also con- 
sistent with the position adopted in this 
paper. An appeal for accuracy would 
have little effect in a series associated 
with value, where the accentuation of 
differences between the stimuli exists 
already as a long-standing product of 
Past experience (cf. McCurdy’s discus- 
sion of the role of schemata in the per- 
ception of coins, 22). This same appeal 
would have comparatively more effect 
in the case of a neutral series. 


One further example: Dukes and 
Bevan (9) found that for their “posi- 
tive” series (jars filled with candy) the 
variability of responses was less marked 
than for the “neutral” series (jars filled 
With sand). This is related to smaller 
J.n.d.’s in the positive than in the neutral 
one In other words, the differences 
ah Ween the stimuli of the positive series 
ties ae clearly and consistently per- 
rt than the objectively equivalent 
a. in the neutral series, and the 
fos ie judgments was more extended 

_ the positive than for the neutral 
Series, 
ge summary of evidence suggests 

at the results of the “relevant” ex- 
oe on overestimation cannot be 
er the product of some simple and 
ion er mysterious process of overestima- 
itis, « As has already been pointed out, 
Fs end the experimenters was 
the fined mainly to the comparisons of 
"i ae judgments of stimuli in 
Dh alue series with the judgments of 
e aly equivalent stimuli in a neu- 
"a A The subjects were invited 
Sait Comparisons between the valued 
diem i and either a neutral standard or 
Gia a of a parallel neutral series 
by D the exception of the experiment 
Pari ukes and Bevan, in which com- 
Serie, ons between the stimuli of the value 
the S were also included). However, 

implications of the fact that the 


stimuli associated with value do form a 
series cannot be ignored; during the ex- 
periments the subjects were repeatedly 
exposed to the various elements of this 
series, and the “helongingness,” in the 
case of coins, would be further enhanced 
by familiarity. 

In view of the evidence concerning the 
effects that all elements of a series, past 
and present, have on the quantitative 
judgments of its individual members 
(e.g., 14, 18), it may reasonably be as- 
sumed that the judgments of magnitude 
given by the subjects in the “relevant” 
overestimation experiments were not 
only determined by the perceived rela- 
tionship, at the time of judgment, be- 
tween a stimulus of the value series and 
a standard. They must have been af- 
fected as well by the background of per- 
ceived relationships between this par- 
ticular stimulus and all other stimuli of 
the same series. This assumption is 
further supported by the evidence that 
the effects exercised by a particular stim- 
ulus on judgments pertaining to a series 
of stimuli increase as a function of the 
extent to which this stimulus is per- 
ceived as forming part of the series 
which is being judged (4). 

In other words, in the “relevant” ex- 
periments on overestimation two aspects 
of the situation must be taken into ac- 
count: the interserial and the intraserial. 
The first consists of the perceived rela- 
tionships of magnitude between any 
stimulus of the value series and the 
neutral stimuli; the second is concerned 
with the perception of relationships be- 
tween the stimuli of a value series as 
compared with the corresponding rela- 
tionships in an objectively identical neu- 
tral series. 

The phenomenon of accentuation of 
differences between the stimuli in a value 
series can be isolated in its “pure” form 
when the following two requirements are 
satisfied: the subjects’ judgments must 


be based on comparisons between the 
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various stimuli of this series, and not 
between these stimuli and some extrane- 
ous ones; and the value and neutral 
series must be objectively identical, value 
being the only experimental variable in 
which they differ. These requirements 
were satisfied in some experiments re- 
cently completed by the writer (27).° 
An ordered series of ten weights was 
used, and the subjects were requested to 
judge their heaviness in terms of seven 
category numbers. Each subject Under- 
went an equal number of sessions under 
the “value” and under the “neutral” con- 
ditions. An experimental session con- 
sisted of two parts: in the first part, the 
entire series was presented several times 
in random order, but no judgments were 
reported by the subject. In the second 
part, following the first after an interval 
of about three minutes, all the stimuli 
were presented again several times, and 
judgments of weight were Tequested at 
each presentation. In the value condi- 
tion, a small Paper bonus (gift certifi- 
cate, exchangeable for a book) accom- 
panied each Presentation of one of the 
two heaviest (or two lightest) stimuli 
of the series during the first Part of the 
session. No rewards were given in the 
first part of the neutral sessions, In 
this way, the effects of the two experi- 
mental conditions, introduced in the 
first part of the sessions, on judgments 
of weight in the second Part could be 
assessed. A total of 60 adult subjects 
were used in the four experiments. They 
were told, as part of the instructions, 
that the purpose of the experiment was 
to investigate the effects of monotony on 
the speed of performing a simple task 
which consisted of discriminating be- 
tween weights. The “small paper to- 
kens,” which they were to receive from 
time to time, were being introduced in 
order “to vary the degree of monotony.” 


*This investigation was supported by a 
grant from the Durham Colleges Research 
Fund, 
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A questionnaire, which was presented to 
the subjects after completion of all the 
experiments, revealed that none of them 
doubted the truth of these statements. 
The subsequent disclosure of the ex- 
perimenter’s bad faith caused consider- 
able surprise. 

Data consisted of differences in the 
extensions of the scales of judgment be- 
tween the two conditions for each of the 
subjects. Results can be briefly sum- 
marized as follows: in the first two ex- 
periments, in which rewards were as- 
sociated with the two heaviest and the 
two lightest stimuli of the series, respec- 
tively, extensions of the scales of judg- 
ments were significantly larger for the 
value than for the neutral condition. In 
a third experiment, in which rewards 
were associated indiscriminately with 
all the stimuli of the series, no such ef- 
fect occurred. In a fourth experiment, 
the procedure was the same as in the 
first and second experiments, apart from 
the fact that the paper “bonuses,” passed 
by the experimenter to the subjects at 
each presentation of either one of the 
two heaviest or one of the two lightest 
stimuli, were devoid of all value. Once 
again, no significant effect on the ex- 
tension of the scale of judgments was 
observed, 

All this evidence is, to say the least, 
Strongly suggestive, The advantages of 
using accentuation of differences as an 


explanatory device for overestimation are 
threefold: 


a. It accounts for some seemingly 
contradictory results, such as the under- 
estimation of the small end of the value 
Series reported in some studies (7, 8); 
it also accounts for Bruner and Rod- 
rigues’ (7) “relative overestimation.” 

b. Tt does not require an introduction 
of deus ex machina principles to ac- 
count for the Phenomenon of overestima- 
tion in the “relevant” class. 


c. With some extensions, it can be ap- 


a A: 
See 
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plied to the “interserial” differences in 
the “relevant” experiments, and to most 
experiments on overestimation which fall 
outside the “relevant” class. 


The first point above does not require 
further elaboration. The second can be 
supported by some lines of argument, in- 
dependent of each other. 

McCurdy (22) has recently pointed 
out that by exaggerating the differences 
between the various coins, memory com- 
mits a “good error.” In his ingenious 
attempt to relate the results of the 
studies on coins to the concept of sche- 
part be limited his discussion to series 
fie an where strong schemata could 
wih ‘age aie through long familiarity 
me the stimuli. However, this would 

account for the results of those ex- 
eee in which accentuation of dif- 
math te in the value series, as compared 
oa zA neutral series, was found to 
the » 27), in spite of the fact that 
the ae for the development of 
Ta schemata were, as far as one can 
lge, not notably different for the two 

Series, 
eat is the nature of the experience 
wher coins, or with any series of stimuli, 
mans it is important to discriminate 
aes 4 between the elements of the 
a J Discriminative responses tO 
aes i in such series are not usually 
Bia in terms of precise quantitative 
he s attached to individual stimuli. 
€ yare made in terms of “larger than,” 
re than,” the neighboring ele- 
ien of the series. Minimizing the 
ae entails a risk of confusion; 
a uating them is an additional guar- 
es = a successful response. How- 
int coe, normal routine of responding 
set cs s of “larger” or “smaller” is up- 
es aoe experiments on overestima- 
ee ‘he usual technique for correct 
set ing of coins, for example, which is 
eid primarily on an awareness of the 
ant differences between a particular 


coin and other coins of the series, pres- 
ent or absent, is not quite adequate, as 
unusually precise individual quantitative 
labels are requested in the experiments. 
These absolute labels, whether obtained 
through matching or through some kind 
of verbal categorizing, may be expected 
to reveal an accentuation of differences 
between the stimuli, since they would 
reflect, and possibly exaggerate, what is 
otherwise implicit in, the relative judg- 
ments of comparison pertaining to the 
series. 

It is in this sense only that the re- 
sults yielded by the studies on over- 
estimation can be treated as experi- 
mental artifacts. In this context, it is 
not particularly important to find out 
whether the stimuli are really “seen” as 
larger or smaller. T. hey are reproduced 
as such; to ask the subject to match a 
variable standard to a stimulus, or to 
assign to the stimulus a quantitative 
verbal label, is essentially asking him to 
reproduce its size. This reproduction, 
which involves an activity very different 
from stating vaguely that an object is 
sizably larger or smaller . than some- 
thing else, lends itself easily to a sharp- 
ening of the relevant distinctive feature 
of it, which is, in this instance, its dif- 
ference in size from the next object in 
the series. The phenomenon is not un- 
familiar: Gibson reported some time ago 
(12) that a sharpening of differences 
occurred in the early stages of aircraft 
recognition training, when his subjects 
were asked to draw the silhouettes of the 
various aircraft. 

A prediction is possible here to the 
effect that shifts in the estimates of 
magnitudes would either not occur or 
promptly disappear if the training to 
discriminate between the elements of 
a series, along which discrimination is 
important for the subject, was directed 
towards the accuracy of individual quan- 

s rather than towards a 


titative label 
clear distinction in relative terms be- 
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tween the stimuli. This is exactly what 
happened in an experiment by aes 
Parker, and Robinson (25) in whic 
accuracy of report was a condition of 
obtaining the reward. Prizes were of- 
fered to the subjects who would report 
correctly the greatest number of dots 
forming clusters which were flashed suc- 
cessively on a screen, In a control 
group, prizes went to those subjects who 
reported correctly on the number of 
dots in the greatest number of clusters. 
No information about the accuracy of 
their estimates was available to the sub- 
jects during the experiment. The first 
group showed overestimation in the 
early stages of the experiment, but after 
a certain number of trials the perform- 
ance of both groups converged. 

An experiment is being designed at 
Present to test a further implication of 
the present argument: that in any or- 
dered series, training to discriminate in 
comparative terms between the stimuli 
will result in larger estimated differences 
between the elements of the series than 
training to label the stimuli quantita- 
tively in familiar units of measurement. 

These assumptions of a “functional” 
mechanism underlying the accentuation 
of differences may be supplemented by 
some evidence coming from a different 
quarter. It consists of the findings about 
the effects of multidimensionality on the 
acuity of discrimination along a series, 
Eriksen and Hake (11) have reported 
recently that when the method of ab- 
solute judgments is 


used, the number of 
discriminable steps for a series of stim- 


uli is greater when the stimuli vary con- 
currently in two or more dimensions 
than when they vary in one dimension 
only. More specifically, they found that 
discriminability was considerably greater 
when the “stimuli varied in size and hue, 
size and brightness, hue and brightness, 
and size, hue, and brightness” (p. 159) 
than when they varied in only one of 
these dimensions. Eriksen and Hake 
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suggest that their results were due to a 
kind of summation, to “the ability of Ss 
to make fairly independent judgments of 
stimulus values along each of the com- 
ponent dimensions” (p. 158). They 
add, however: 


We cannot assume that this is always the 
case for compound stimuli. For some stimuli, 
judgments made of values in the separate di- 
mensions may be interrelated. That is, the 
evocation of a particular response tendency 
by a component of a compound stimulus may 
change the likelihood of evocation of other re- 
sponse tendencies by other components of the 
stimulus. We could expect this to occur when 
Ss have learned by long experience to associate 
the occurrence of certain values in one dimen- 


sion with the occurrence of particular values 
in another, 


This interrelation may account 1 
part for such perceptual “errors” as the 
size-weight illusion, Ryan (23, quoted 
by Hochberg, 15) writes: “ .. . O is not 
really reporting weight at all, but spe- 
cific gravity, and the illusion is really 
not an illusion at all. O is simply unable 
to report on weight being influenced by 
the striking differences in density 10- 
volved.” In the field of size estimation, 
Holzman and Klein (16) have recently 
reported that heavy discs were judged 
larger by their subjects than light discs 
of identical size, and that black discs 
were judged smaller than grey discs of 
identical size and weight. They add 
wistfully that these results “ , . . do 
not exclude the Possibility that value 
and need may indeed be important varl- 
ables in size judgments” (p, 40). 

Wo conclusions can be drawn from 
the above: the first, supported by Prik- 
sen and Hake’s results, is that unde! 
Some Conditions of judgment, and in a 
situation new to the subject, compound- 
ing of concurrently varying dimensions 
will result in a Clearer perception of dif- 
ferences between the stimuli along @ 
Series. The second is related to the 
first, and already outlined in the above 
“4otation from Eriksen and Hake: when 
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the association between dimensions has 
been a long-standing one, new training 
may not be capable of inducing changes 
in discriminability. In such cases, judg- 
ments along one of the dimensions have 
already been influenced, previous to the 
experiment, by concomitant changes in 
other dimensions. In other words, it is 
likely that the Eriksen and Hake situa- 
tion represents the incipient stages of a 
Process which, if given an opportunity to 
develop further, might lead to interrela- 
et such as those that Ryan suspects 
tition responsible for the size-weight il- 
ued’ a that Holzman and Klein (16) 
in cas etween the estimated size and 
me ual weight of their discs. Inter- 
shan fhe of this kind exist, of course, 
bie ere is a consistent pairing, in the 
ao Someni of changes in more than 
imension. 
ee pating exists by definition in 
Sree here magnitude and value vary 
Bete P The difficulty is that 
ee 5 not a“ dimension” in the physi- 
atiii, It is, however, an important 
ion e of the stimuli in such series, if 
ees os efficient discrimination be- 
et e stimuli in terms of differences 
than ane in most cases, more important 
ie ennon in terms of the 
pe > dimension. It is not reasonable 
en that subjects who, in an ee 
a a FA a 
alone o eae judge it in terms of size 
Mant mi would be a feat of ab- 
Even serge? difficult for adults, and 
(28) ore so for children. As Vernon 
i Asn out in her discussion of 
man xperiment by Bruner and Good- 
(5): “Tt seems fairly certain that 
4 po tars was an inability to isolate 
bo, ee aspect from a global percept 
sot Or, as Hochberg writes in 
jects ar context (15): “.. - the sub- 
ema, responding in terms of a di- 
DE which specifies the most about 
TE series with the least num- 
of categories, rather than in terms 


of the dimension expected by the ex- 
perimenter.” 

In the experiment on weights de- 
scribed earlier (27), value is the only 
“dimension of difference” between the 
two series. It would also be a supple- 
mentary and important difference be- 
tween two series which differ not only 
with regard to value, but also with re- 
gard to some other dimensions. In the 
first case, the difference in value is the 
only contributing factor to a more pro- 
nounced accentuation of differences in 
the value than in the neutral series; in 
the second, it is one of the contributing 
factors. Once again, this does not neces- 
sarily mean that the subjects “see” the 
stimuli in the value series as being more 
different from each other, or larger, or 
smaller. They respond as if they per- 
ceived them as such, as this is as far 
as the phenomenology of it can go for 


the time being. 


“J RRELEVANT” DIMENSIONS AND THE 
ACCENTUATION OF DIFFERENCES 


The accentuation of differences be- 
tween the stimuli of a value series may 
partly account for the results obtained 
in the “relevant” experiments on over- 
estimation. However, it has no direct 
bearing on the problems raised by the 
results of the “jrrelevant” group of ex- 
periments; nor does it help to under- 
stand why in the “relevant” group a 
rather consistent trend towards over- 
estimation of the value series should be 
superimposed, as it were, on the sharpen- 
ing of differences within it. i 

The preceding discussion is not, how- 
ever, entirely irrelevant to these prob- 
Jems. As was pointed out earlier, in a 
“relevant” series the subjects’ judgments 
are simultaneously determined by the 
perceived differences between the stim- 
uli of the series, and between a par- 
ticular stimulus of the series and an 
extraneous stimulus. In the “irrelevant” 
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experiments, where the magnitude under 
investigation seems in no way related to 
the presence or absence of value, the 
fact that one stimulus is “valued” and 
another “neutral” would form an addi- 
tional distinctive feature between them, 
superimposed on the physical differ- 
ences. Examples of such experiments 
have been given above (6, 19, 20). 
Beams’ study (2) on overestimation of 
size of favorite food objects by children 
provides another example. The com- 
mon feature of these experiments is that 
the subjects are requested to judge along 
a dimension which, in usual circum- 
stances, does not help to discriminate 
between the objects in terms of their 
value. Children, who in the experiment 
by Lambert e¢ al. (20) were asked to 
report on the size of the chips, had just 
experienced a situation in which the 
value of the chips was determined by 
their color. The refugees, who in the 
study by Klein et al. ( 19) were judging 
the size of discs containing the swastika, 
would be unlikely, in any other circum- 
stances, to pay special attention to the 
size of the emblem, 
In these experiments the valued and 
the neutral objects belong to sharply 
distinctive categories of experience, and 
size is certainly not the basis of classi- 
fication. In such Cases, to judge size 
exclusively on the basis of size would, 
once again, be possible only if the sub- 
jects were able to abstract one element, 
and not an important one, out of a com- 
plex compound of experience, A more 
likely assumption is that the qualitative 
“motivational” differences between the 
two kinds of stimuli function in the di- 
rection of accentuating the perceived 
differences between their “irrelevant” 
magnitudes. 

This would lead to the prediction that, 
all else constant, the perceived differ- 
ences of magnitude between valued (or 
otherwise relevant) and neutral stimuli 


‘would be larger than the corresponding 
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differences between two sets of neutral 
stimuli. It does not, however, allow for 
the prediction that the valued stimuli 
would be perceived as larger than ‘the 
neutral ones. i 

Some interesting indications which 
may suggest a way out of this diffculty. 
can be found in the experimental litera- 
ture. In the group of studies on “ir- 
relevant” magnitudes, three experiments 
seem typical of those which yielded 
negative (or partly negative) results. 
Klein e¢ al. (19) reported that their 
subjects did not reliably overestimate 
the discs containing the swastika. Bevan 
and Bevan (3), who used a “quasi-rep- 
resentative design” and a heterogeneous 
assortment of objects with their two 
children, found that the ratio of esti- 
mated to real size was not higher for the 
liked than for the disliked or neutral ob- 
jects. Finally, Lysak and Gilchrist (21) 
found that increasing complexity of de- 
sign was a significant determinant of 
increasing Overestimation; but dollar 
bills were not judged larger than the 
corresponding rectangles, nor was there 
any correlation between overestimation 
and value of various dollar bills. Ex- 
periments by Lambert eż al. (20) and 
by Beams (2), already referred to, BLE 
representative of those in which positive 
results were reported. 

The experiments of Klein eż al. (ot 
at least the parts of them involving the 
Swastika) and of Bevan and Bevan (3) 
have one feature in common: the value 
of the objects used has nothing to do 
with their size. The data, as they are 
Presented, do not allow one to draw 
conclusions about an accentuation of dif- 
ferences between the sizes of valued and 
neutral stimuli; but if there was such an 
accentuation, there are no grounds to 
assume on the basis of the present argu- 
ment that it should work, with any de- 
Stee of consistency, in the direction of 
overestimating the valued objects. 


On the other hand, it seems reasonable 


A S| ef 
T itz 
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to say that the dictum “the bigger the 
better” expresses a profound truth to 
Beams’ 10- to 12-year-old Ss when they 
are confronted with a piece of fruitcake, 
a sugar cookie, or a “marshmallow- 
covered chocolate cupcake” (2, p- 197). 
Lambert et al. worked with much 
younger children (3 to 5 years old); 
the number of chips of a particular color 
which they received was related to the 
amount of candy which was the final 
compensation for their efforts. It would 
not be surprising if this, in view of the 
age of the subjects, had a great deal to 
do with their judgments of size. 

The negative results of Lysak and Gil- 
i (21) lend further support to the 
pia that the accentuation of differ- 
oe will tend consistently towards an 
es ge of valued objects only 
= there exists a valued series in 
hoa there is some discernible rela- 
Th ship between magnitude and value. 
Pe eir adult subjects knew from long 
oo that the value of dollar bills 

ine not vary as a function of their size. 
Mad may have accentuated the differ- 
i in size between the bills and the 
SATI] sponding rectangles, but not neces- 
th ue consistently by overestimating 

a ills more than the control stimuli. 
= comparison of this study with other 

: riments performed on adult subjects 
See to bring out more clearly its par- 
the | r features which may account for 
est = of positive results. In the ex- 
ea by Klein eż al., there is no 
ing re to overestimate the disc bear- 
o e swastika; but in one of their 
mice mental situations, all results 
sth ining to the disc bearing the dollar 

os significant (19, Table 3, p. 103). 
m Ei further substantiated by Solley 
en (26) who attempted “ . . - to 
wes ine whether the differences in per- 
ier; of discs with symbols drawn 
E as reported by Bruner and 
einh i could be better explained by 

pothesis of symbolic value than 


by the more general Gestalt principle of 
closure” (p. 142). They report an over- 
estimation of the discs containing a 
dollar sign (as compared with discs con- 
taining a figure of presumably equal de- 
gree of closure), but no such effect with 
the discs containing a swastika. The 
fact that a symbol of money drawn on 
a disc is strongly suggestive of the 
familiar series of coins, whose value in- 
creases with their size, may well be 
responsible for these results. 

The negative outcome of the experi- 
ment by Lysak and Gilchrist must also 
be taken in conjunction with an almost 
identical experiment by Dukes and Bevan 
(10), who reported positive results. 
They used a number of rectangular 
cards, identical in size but differing in 
value, and engaged in “gambling” with 
their subjects. A number representing 
its value was stamped on each of the 
cards. The cards were drawn at random 
from a bag, and at each draw the sub- 
ject won or lost an amount of money 
proportional to the positive or negative 
number printed on the card. As soon 
as each drawn card was returned to the 
bag, the subject was asked to match its 
size with one of a series of blank “refer- 
ence” cards spread out in front of him. 
Dukes and Bevan’s hypothesis was that 
“as the monetary value printed on the 
test card increases from zero, the sub- 
ject, regardless of winning or losing, will 
tend to select larger reference cards as 
his estimates” (10, p. 47). This was 
confirmed: a significant correlation 
emerged between the ratios of estimated 
to actual sizes and the monetary value, 

ositive or negative, of the test cards. 

The situation was almost identical 
with one of the arrangements of Lysak 
and Gilchrist’s experiment (21). If the 
fact of conflicting results were to be 
ascribed, here oF in other cases, to rela- 
tively unimportant differences in pro- 


cedure, attemp 
from a great num 


ts to generalize results 
ber of psychological 
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iments would have to suffer a seri- 
RE iac. There is, however, one 
essential difference between the two ex- 
periments: Lysak and Gilchrist’s mw 
jects knew that all the dollar bills, wit 
which they were presented, were of 
equal size. This bit of information 
about the cards used was not available 
to Dukes and Bevan’s subjects. What 
is more, Dukes and Bevan included in 
their instructions the following sentence: 
“Here is a bag containing small white 
cards, varying slightly in size” (10, p. 
44, italics mine). It would be only 
natural for the subjects to assume that 
this variation followed some regular pat- 
tern, and that this pattern consisted of 
an increase in size corresponding to the 
increase in value. Here again, a con- 
tinuous variation along the dimension 
of value has carried over to the judg- 
ments of the physical dimension, and 
this has been further helped by a hint 
from the experimenter. 

But there is some evidence that the 
same could have happened even with- 
out the hint. In an experiment by Ash- 
ley, Harper, and Runyon (1), a “gray- 
ish metal slug” was Presented several 


times to the subjects. At different pres- 


entations of the slug they were told that 


“St was made of either lead, silver, white 
gold, or platinum” (p. 568), Judgments 
of the size of the slug reflected its 
imaginary value: the size of the variable 
standard “that was called equal to the 
slug increased as the cost of the metal 
increased” (p. 572). As in the pre- 
ceding example, a Progressive increase 
in value is related to an imaginary in- 
crease in size, while the actual size is 
kept constant. 

The evidence summarized so far lends 
strong support to the view that both the 
positive and the negative results of the 
studies on overestimation can be best 
understood in terms of a hypothesis of 
accentuation of differences. This ac- 
centuation would work along two axes: 
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between the stimuli of a series in which 
there is a concomitant variation of value 
and magnitude; and between the valued 
stimuli and the neutral ones. In the 
latter case, the accentuation would tend 
towards a relative overestimation of the 
valued stimuli only under certain con- 
ditions, which have been discussed 
above. 


SoctaL PERCEPTION 


Some implications of the present dis- 
cussion go beyond the problems raised 
by the phenomenon of overestimation. 
It may be said that, in a sense, “over- 
estimation” as discussed in this papsi 
is a special case and a convincing a 
perimental paradigm of a more genera 
aspect of social perception. Many 50- 
cial objects and events are sharply clas- 
sified in terms of their value or rele- 
vance. When judgments concern 
some quantifiable or ratable aspects © 
stimuli which fall into distinct categories 
are called for, differences in value or rele- 
vance cannot fail to influence the ouea 
titative judgments in the direction R 
sharpening the objectively existing dif- 
ferences between the stimuli. A very 
similar conception has recently bee? 
formulated by Hochberg (15), and ap- 
plied by him to the perception of in- 
and out-group individuals: 


If a group of individuals is perceived if 
different from the non-group individuals, the 
Perceived differences between those within to- 
group and those outside the group will au es 
matically be sharpened, and the ae 
Perceived between the members of the g'° n 
(ie. intragroup differences), and betwee 
those outside the group will be lessened. 


These judgmental effects of catepor 
ization are probably fairly general; it "4 
likely, however, that they are partir 
larly pronounced when judgments ae 
made in dimensions in which scaling ™ 
Magnitude js simultaneously a scaling 
in value. Thus, it may well be that 2” 
accentuation of differences in size WÍ 


Soe 
| ee 
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hardly occur between two paintings, one 
liked and one indifferent or disliked. 
But when skin color, or height, or some 
facial traits of social “value” are con- 
cerned, there will be a marked sharpen- 
ing of differences in the degree of these 
characteristics perceived as belonging 
to individuals who are assigned to dif- 
ferent categories. Some evidence of this 
is provided by a recent study on “per- 
ceptual accentuation and the Negro 
stereotype” conducted by Secord, Bevan, 
and Katz (24). Their results suggest 
that a group of prejudiced Ss sharpened 
the differences in the degree of Negroid 
physiognomic traits possessed respec- 
tively by Negroes and whites, more than 
did a group of nonprejudiced Ss. It is 
likely that the same is happening in the 
case of more abstract social judgments 
which are implicitly quantitative, such 
as, for example, those concerning the 
relative frequency of crimes in various 
social groups, as perceived by people 
who have an axe to grind. 


SUMMARY 


_ The thesis put forward in this paper 
is that the apparently conflicting results 
of studies concerned with perceptual 
overestimation can be best understood 
if this phenomenon is considered as 4 
Special case of accentuation of perceived 
differences. This would work in two 
directions. First, in a series of stimuli 
in which there exists a concomitant vari- 
ation of value and of some physical 
dimension, the perceived differences be- 
tween the elements of the series would 
be larger than in a corresponding neutral 
series, Secondly, the perceived differ- 
ences in magnitude between the stimuli 
which possess the attribute of value and 
those which do not would tend to be 
More accentuated than the correspond- 
ing differences between neutral stimuli. 
This would not, however, always result 
in overestimation. The sharpening of 


differences resulting in overestimation of 
valued stimuli would occur only when, 
in the class of stimuli with the attribute 
of value, an increase in some physical 
magnitude is correlated with the increase 
in value. In other cases, there are no 
grounds for assuming that an accentua- 
tion of perceived differences between the 
two classes of stimuli would tend con- 
sistently towards an overestimation of 
the valued stimuli. 

In this way, overestimation is seen as 
one instance of a more general phe- 
nomenon. The accentuation of differ- 
ences between classes of stimuli occurs 
when these stimuli differ in some respects 
other than the dimension along which 
the subjects are reporting their judg- 
ments of quantity. The presence or 
absence of “value” or “relevance” is one 
such contrast. It is probable that this 
contrast is responsible not only for the 
results obtained in the field of over- 
estimation. It may also lead to the 
sharpening of differences between the 
quantifiable or ratable aspects of social 
objects and events. This occurs when 
the dimension along which judgments 
are made is not the primary basis for 
assigning the various stimuli into their 
sharply distinctive categories. 
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A MECHANICAL MODEL FOR HUMAN ATTENTION 
AND IMMEDIATE MEMORY * 


D. E. BROADBENT 


Applied Psychology Research Unit, Cambridge, England 


Many people have a natural distaste, 
for model building. A mechanical model 
is essentially a theory expressed in ma- 
terial parts rather than in abstract sym- 
bols such as words or mathematical ex- 
pressions. Its logical standing is the 
same: that is, it stands or falls by the 
degree to which it fits the results of ex- 
periments on human or other animals. 
Yet many models in the past have been 
somewhat undistinguished in the close- 
ness with which experiment has been 
considered in their design. It is diffi- 
cult to avoid feeling that this is because 
a model is unduly laborious to build as 
compared with a verbal theory, so that 
the builder tends to become obsessed 
with the properties of his model rather 
than those of the organism. Conse- 
quently there is much to be said for 
building theories verbally, and especially 
for using the qualitative terms of infor- 
mation theory in the hypothetico-deduc- 
tive fashion ably set out by Mackay 
(29). Such an approach has certain 
advantages over the other popular al- 
ternative of quantitative S-R terms; 
these advantages have been considered 
elsewhere (11). 

For example, the writer holds that the 
human perceptual system has a limited 
Capacity, that in consequence a selective 
Operation is performed upon all inputs 
to the system, and that this operation 
takes the form of selecting all inputs 
having some characteristic in common. 


ii This work was supported by the British 

poa Research Council, and the writer 

Ma, F under the general direction of Dr. N. H. 

rof worth. He has discussed the topic with 

shi t with many individuals; Dr. J. Brown 
ould be especially mentioned. 


Such an operation extracts little informa- 
tion from the signal and thus should be 
economical of nervous mechanism. Char- 
acteristics on which the selection can 
operate may be named “sensory chan- 
nels.” The particular selection made at 
any one time will depend partly on char- 
acteristics of the input itself (physical 
intensity, earliness in time, absence of 
recent inputs on that channel, position 
of the channel in the hierarchy of all 
channels) and partly on information in 
a more permanent store. The change 
from one selection to another will take 
a determinate time. 

Incoming information may be held in 
a more temporary store at a stage previ- 
ous to that of the selective operation. 
Such information will pass through the 
perceptual system on the next subse- 
quent selection of the sensory channel 
of its arrival, if it is still in store, but 
the probability of the latter condition 
being fulfilled will decline with time 
spent in store. After passage through 
the perceptual system, information may 
be returned to the same temporary 
store, the selection of information for 
such return being determined by infor- 
mation in a more permanent store. 

But although such a purely verbal 
theory may fit experimental results, it 
is difficult to communicate to others 
without putting them to the trouble of 
learning the necessary vocabulary. And 
if the theory is rephrased, still ab- 
stractly, it is open to misinterpretation; 
thus Deese (19), in a paper which 
makes a number of valuable contribu- 
tions to the theory of prolonged work, 
has described the writer as postulating 
an inhibitory construct in human per- 
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nce. This misunderstanding prob- 
pe a from the fact that the the- 
ory outlined in the last two paragraphs 
is intended to apply both to condition- 
ing and to human watch keeping; in 
neither case is it thought necessary to 
find an inhibitory construct of orthodox 
learning theory type. „To say that con- 
ditioning and perception are related is 
not to apply a particular interpretation 
of the former to the latter. 

Clearly, then, some sort of expository 
device is needed for an abstract theory 
using unfamiliar terms. And it is even 
difficult for the theorist to remember in 
abstract form the results of the many 
different experiments which a good the- 
ory should consider. A simple mechani- 
cal model has the virtue of avoiding 
these difficulties. It has other vices: it 
may have accidental properties which 
mislead research. Perhaps the best com- 
promise is to state a theory in abstract 
terms, and also to give a model which 
can be described by the same verbal 
theory. Information Concepts are ap- 
plicable to any system, whatever its 
physical nature, and so may equally fit 
a model or a man. This is the ap- 
proach of Deutsch (20, 21), and it 
has real advantages, independent of the 
value of his Particular theory. The 
present paper is therefore intended to 
describe an extremely simple model of 
the human perceptual system. It may 
serve both as an easy introduction to 
the formal theory in information flow 
terms and also as a convenient mne- 
monic for the results of a number of 
experiments, 


Tue Basic Mopet 


The necessary requirements are a ve 
shaped tube (Fig. 1) mounted verti- 
cally, and a set of small balls. Each 
ball bears a number so that all are in- 
dividually recognizable. The Y tube 
has a narrow stem which will just take 
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Fic. 1. The simple model for attention. 


only one ball, though the branches are 
wider. At the junction of stem an 
branches is a hinged flap which pa 
mally hangs straight downward, bu 
which can be pivoted about its upper 
edge so as to close off either of the 
branches of the Y. This pivoting can 
be done by a handle from outside the 
tube, controlled by stored information; 
purists may wish to control the handle 
by a punched-tape system, but a human 
being is an adequate substitute. When 
the handle is left alone the flap moves 
freely so that a ball dropped into one 
arm of the Y will knock the flap aside 
and fall into the stem of the Y. 

In this model the balls represent the 
information from various stimuli. The 
branching arms represent different Sen- 
sory channels; thus one might be one 
ear and one the other ear. Alterna- 
tively, one might be the ear and one the 
eye. (Sensory channel is not, however, 
quite equivalent to sense-organ, since We 
would treat sounds localized in different 
Places as being on different channels. 
The bottom of the Y represents & i 
Sponse output, so that the process © 
dropping a ball into the arms and oP 
Serving its emergence at the bottom 1s 
analogous to that of delivering a stimu 
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lus and observing a response. The be- 
havior of the model resembles that of 
man in the following ways: 


(a) If two balls are dropped simul- 
taneously, one into each of the branches, 
they will strike the flap on both sides; 
it will not move and therefore they will 
jam in the junction. Numerous experi- 
ments show this “distraction” effect, but 
there are certain advantages in citing an 
auditory experiment (5, 33). These 
same experiments show that if the 
handle is used to shut off one branch 
before the balls are inserted, then the 
ball entering the other branch will 
emerge successfully, which is analogous 
to previous instructions. 

_ (b) If the two balls are not strictly 
simultaneous, the first to arrive will ob- 
tain an advantage by knocking the flap 
over and shutting out the other. This 
had been shown to be analogous with 
competing auditory stimuli by Spieth, 
Curtis, and Webster (36). 

(c) If the Y is not perfectly vertical, 
the ball in the more vertical branch will 
have an advantage over a simultaneous 
ball in the other because the door will 
hang to one side. Equally, one sensory 
channel may have an advantage over 
another, as has been shown for high- 
Pitched noise as compared with low 
(10). 

(d) If one ball is flung violently 
down its branch, it may succeed in 
forcing over the door against the un- 
assisted weight of a ball on the opposite 
branch. Equally, an intense stimulus 
may have an advantage (2, 10). 

(e) After a single ball has been 
Passed through the system, the door will 
swing back from the position into which 
it has been pushed. Naturally it will 
Overswing, and temporarily close the 
branch which has just been used. A 
stimulus has similarly an extra advan- 
tage for response if it comes on a previ- 
ously quiet channel as opposed to 4 


previously busy one. This has been 
shown by Poulton (34) for auditory 
signals, and a related finding is that of 
Hyman (25) for visual reaction times. 
In the latter case, stimuli of different 
frequencies of occurrence were delivered, 
and it was found that average reaction 
time to a set of stimuli was proportional 
to the information conveyed by them; 
but the infrequent signals, while giving 
long reaction times, did not give times 
as long as those to be expected from 
information theory calculations. Note, 
however, that the time taken for a swing 
is important in the model; this will 
probably also be true in man, to judge 
from data which are best considered be- 
low. It may also be connected with Hy- 
man’s finding that, for numbers of al- 
ternatives greater than two, the second 
of two identical signals received an un- 
duly fast reaction. 

(f) If a given number of balls are to 
be put through the tube, it is best to 
deliver them asymmetrically, the ma- 
jority to one branch. There is then less 
risk of jamming than if equal numbers 
are admitted by both branches. The 
analogous finding for auditory messages 
has been reported by Webster and 
Thompson (37). This point is related 
to another, that if balls are being in- 
serted into one branch at random in- 
tervals the effect of increasing the rate 
of delivery of balls through that same 
pranch (the “speed” of work) is not the 
same as that of adding the same num- 
ber of extra balls to the other branch 
(the “load” of work). There is more 
risk of jamming in the latter case. This 
point was first clearly emphasized by 
Conrad, using visual signals (16). Ob- 
viously the effect of using two branches 
rather than one will be more serious if 
the rate of delivery of balls is high, 
since this increases the probability of a 
jam. Conrad showed such an interac- 
tion of speed and load. Mackworth and 
Mackworth (28) have shown a similar 
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effect in a different type of task, and 
have demonstrated that the fluctuating 
difficulty of this complex task at any in- 
stant can be represented by the amount 
by which each signal is overlapped by 
other simultaneous ones. 

At this point we may pause to con- 
sider the cynical reader who is wicked 
enough to be doubtful of the existence 
of a Y-shaped tube somewhere in the 
region of the thalamus. Such a reader 
will probably have noticed already a 
situation which will follow when two 
balls are dropped into the model and 
jamming is avoided by the door being 
to one side for one of the reasons listed. 
The favored ball will descend the stem 
of the Y, but the impeded ball will 
not therefore disappear. It will emerge 
later, when the door next swings back 
to the opposite branch. Surprisingly 
enough, this also happens with man. 
Simultaneous stimuli either jam or pro- 
duce successive responses.” It has been 
shown for three different combinations 
of sensory channels (7, 8), and is prob- 
ably an effect identical with the “prior 
entry” of classical psychology. In the 
same way Conrad has not only shown 
complete failures to respond (17) but 
also shifts in the time at which responses 
appear (18). 

Having thus demolished t 
we must add that a slight co 
should be added to the mod 
to cover perfectly the results of experi- 
ments on successive response to simul- 
taneous stimuli. But this will be left 


he cynic, 
mplication 
el in order 


2 At the risk of complicatin; 
must say that “stimuli” in this sentence means 
“stimuli not of low information content.” A 
familiar predictable sequence of stimuli may 
quite well produce responses simultaneous with 
other responses (1). And the same S-R unit 
interferes less with another task when drawn 
from a smaller ensemble of Possibilities (12). 
This point is of course implied in the state- 
ment that the perceptual mechanism has a 
limited capacity in the sense of information 
theory. 


g the issue, we 
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until the section on immediate memory; 
let us first deal with the effects of speed 
and of prolonged performance on the 
simple model. 

(g) As the stem of the Y is so nar- 
row, there will be a certain amount of 
delay between the insertion and emer- 
gence of each ball. At slow rates of in- 
sertion each ball will, however, emerge 
before the next is inserted. At faster 
rates there will develop a lag such that 
one ball may be inserted before the 
previous one emerges. With still faster 
rates balls will begin to accumulate in 
the branch; response will get further 
and further behind stimulus as the task 
proceeds. But this is a desperate ex- 
pedient and will lead to breakdown 
when the branch is full unless the rate 
slows down again. These stages have 
been shown by Vince (35) for visual 
stimuli; a related effect has also been 
shown in less detail in hearing (4). A 
result of the piling up of balls in the 
branch when the rate is too high is that 
a ball inserted at a very short interval 
after another will remain in the tube 
longer than is normal: the “psychologi- 
cal refractory period” (38). It must 
be remembered that balls are analogous 
to information and not to stimulation; 
highly probable stimuli will not give an 
unduly long reaction under these condi- 
tions (22) 

(4) Now Suppose that we wish to op- 
erate the handle in such a way that one 
branch always has priority: prolonged 
Performance of a task involving only 
ene sensory channel. If there is 2 
fairly rapid flow of balls down the se- 


lected branch, the handle will hardly 
need holding af 


e checked by another 

all. But if the selected branch is not 
very busy, the Weight of the door must 
be held by a Positive force on the 
handle. In this Case the fingers holding 
the handle will fatigue; for purists, the 


—— 
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punched-tape machine will only hold one 
branch shut for a limited period. When 
the handle is released the door will 
swing back to close the opposite branch, 
and then return pendulum-wise to the 
desired position when it will again be 
held. The result will be that prolonged 
tasks in which unexpected stimuli ap- 
pear for less than a certain period (the 
swings of the door”) will show marked 
decrements in performance. But simi- 
lar tasks in which the stimuli are pres- 
ent for longer times will show much less 
decrement. 

The earlier evidence for this view of 
prolonged performance has been sum- 
marized elsewhere (6). But earlier pres- 
entations have misled Deese (19) into 
supposing that this view implied a dec- 
rement with continued performance of 
uny, vigilance task. He employed tasks 
in which a signal was either presented 
repeatedly until seen, or else painted on 
a tube face by a sweep line which did 
not return to obliterate the signal for 
nearly three seconds. It was in fact 
Predicted by the writer (6, p. 300) that 
ae tasks would show little or no dec- 
ae and this was found by Deese to 

the case. The latter type of task 
EA. more signs of decrement, probably 
bea a borderline case, since the trace 
Sart on the phosphor screen decayed 
pa scarcely visible at the end of the 
a ee seconds. It should be noted that 
Fa eee? theory of the type fa- 
shes tis Deese, while undoubtedly ap- 
ny nt to some aspects of vigilance, 1S 
we able to account for the effects of 
tio ne the length of signal presenta- 
fie In our Y-tube model, the role of 
cn i is incorporated by describ- 
‘othe e balls as representing information 
able r than stimulation; the more prob- 
Spo a receive more efficient re- 
rites “a But the swinging of the flap is 

necessary. 
a summarize the writer’s present 

S on vigilance, the efficiency of a 


man asked to detect infrequent signals 
should be described by both a mean 
and a variance. The mean level is de- 
termined by such factors as the rate at 
which signals arrive but not. necessarily 
by the length of time since the session 
began. The variance, on the other hand, 
increases as the session progresses, short 
intervals of extremely low efficiency be- 
ing interspersed with fairly long periods 
of normal or supernormal efficiency. 
The score from any given task may de- 
pend on one or on the other of these 
quantities. Thus, for example, the ear- 
lier British work has been mostly con- 
cerned with the instants of very low 
efficiency; the type of results reported 
by Deese and by later British workers 
(6) mostly with the mean over ap- 
preciable periods of time. 

To return to our model, two further 
points should be made. The first is 
that the door need not swing the whole 
way over when the handle is released; 
it may reach a central position just as 
two balls arrive. There will then be a 
jam rather than passage of the wrong 
ball. Equally, failure of reaction to a 
task need not imply overt reaction to 
some irrelevant stimulus. 

Secondly, as the balls represent in- 
formation rather than stimulation, tasks 
in which the sequence of stimuli is pre- 
dictable will not show fatigue decre- 
ments of this type. To show decre- 
ments, the signals must be unpredictable 
either in content, as were those of Bills 
(3), whose “blocks” are instances of 
this effect, or else in time of occurrence, 
as were those of Mackworth (27); this, 
however, is only one of the necessary 


conditions. 
IMMEDIATE MEMORY 


e does seem at this stage to 
a number of facts about 
perception and put them in a way which 
most people can understand. It is ad- 
mittedly ludicrous as a description of 


Our Y tub 
have related 
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what really happens in the brain, but 
this is a positive advantage. Psycholo- 
gists are not likely to mistake this model 
for speculative neurology, and so they 
should concentrate their experiments on 
the essentials of the theory rather than 
the irrelevant properties of the model. 
As a device for communicating the out- 
line of the theory, however, the model 
seems sufficiently adequate to justify an 
extra complication in order to express a 
theory of immediate memory. This the- 
ory is in a slightly different Position 
from the views on perception which have 
been given so far; the latter are entailed 
by the experiments, but the theory of 
immediate memory is not the only con- 
ceivable explanation of the observed 
facts. Yet it has a fairly high probabil- 
ity and is worth discussing. 

The complication is twofold. First, a 
device must be supposed fitted to each 
branch of the Y tube, such that if any 
individual ball remains in the branch 
for more than a certain time continu- 
ously it is removed from the system 
completely. This could be done by fill- 
ing the tube with acid, but the writer 


does not wish to encourage the develop- 
ment of a race of fing 


gerless psycholo- 
gists. Mechanical devices are quite pos- 
sible, though complicated to describe, 
and the details will therefore be left un- 
specified and available from the author, 
The second Complication is that from 
the foot of the stem two return tubes 
lead back to the branches (Fig. 2), 
Admission to these return tubes is con- 
trolled by a lower door which again js 
operated by a handle. The latter is 
dependent on an outside Operator, or 
the familiar punched-tape machine—in 
brief, some form of stored information, 
Finally, as the return tubes are operat- 
ing against gravity they must contain 
some form of conveyor, but this has no 
particular psychological significance. 

In immediate memory experiments, as 
usually performed, a stream of stimuli 
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Fic. 2. The model modified to illustrate the 
theory of immediate memory as a Pe 
circuit; or, in other terms, as a fading tra 
periodically revived by rehearsal. 


is delivered completely before any wet 
response is required. Thus all the fhe 
formation in the stream is within x 
organism at one time; all the balls a 
somewhere in the tubes. Yet with aa 
numbers of balls the time between ie 
sertion and emergence can be va ey 
without any apparent effect on eae 
(13). Let us consider some of 
methods which may be adopted. ae 
(a) In the first place, let us pee 
a short series of balls to be waiting 
one of the branches. If they stay Kt 
indefinitely, the critical time will be € 7 
ceeded and the ball which has bee 
there longest will leave the a 
Thus the branch will not serve rae: 
Store during an unlimited period of hat 
lay before response is allowed. W 
is perfectly possible, however, is for En 
series of balls to pass down the $ ie- 
and, by the lower door, back up & on 
turn tube to the other branch. As “ipis 
as the full series has completed ae 
Tound the process can be repeated, e 
that the set of balls can be kept 1m a 
System for any desired time. But no g 
that insertion of any other ball ere res 
that time will either mean that the ie 
ball will never emerge, or else that t J 
Circulation of the series will meet inter 
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ees Note also that the system will 
bale operate with a limited number of 
oe above that number each ball will 
than is wait in the branch for more 
tee critical time, and there will 
age od be a severe breakdown of stor- 
istics ap ese are well-known character- 
Sous | immediate memory. Less ob- 
ing z the suggestion that the interfer- 
a ect of an extra ball during the 
he “ will depend on the size of the 
ar ieee being most serious 
Brow e mir This has been shown by 
esuiths (14). He also demonstrated 
eked oe before or after the in- 
OE wo a stimuli had little effect, as 
stimuli, expect, and that if the extra 
stimuly came before the memory span 
salar there was little effect. It is 
a iss explanation of his results which 
(b) a the present account. 
movem both branches contain balls, 
group e of the door will put one 
b eee circulation before the other; 
actual] the door over while a group 15 
b i pasing would be to risk a jam. 
own th alls on one branch will pass 
Shas ‘i stem before any on the other. 
is in ext een said, the memory analogy 
obtained true, if a digit memory span iS 
and half with half the digits on one ear 
d ries the other, or half on the eye 
the first ear (7, 8). In addition, 
Boes Je ranch to be dealt with under- 
Critical i tisk of any ball reaching the 
etter time; equally, performance 1S 
recan OD the first set of digits to be 
(a) 5 18). 
the LE far we have considered only 
with paja which the branches start 
these = in them. But in practice 
ranc alls will be inserted into the 
ime a after another, and the extra 
i aoe thus produced will have 
te yore Thus, for example, if balls 
Simultan ed rapidly into both branches 
5 eously, the difficulty of moving 
las Fad will apply, as mentioned in the 
aragraph; and so all the balls in 


one branch will be dealt with before any 
in the other. But if there is a sizeable 
interval between successive balls in each 
branch, the door may be swung back 
and forth so as to deal with each branch 
alternately. A slow presentation of 
stimuli may equally allow them to be 
dealt with in the actual order of arrival 
rather than channel by channel (7, 8). 
Tt should be noted that the time allotted 
to “swings of the door,” as measured by 
these experiments, agrees with that de- 
termined by the experiments on pro- 
longed performance mentioned previ- 
ously (6). 

(d) Again, suppose a lengthy series 
of balls is inserted through one branch, 
the door being held open for them by 
the handle. If a couple of balls are 
meanwhile delivered to the other branch 
and wait there till the stem is clear for 
them to pass, there is naturally some 
risk that this extra pair of balls will ex- 
ceed the critical time. The risk will be 
greater if they are inserted with the ear- 
lier balls of the long series than if in- 
serted with the later balls. This also is 
true of immediate memory for spoken 
digits arriving at the two ears (9). A 
point of interest concerns the effect of 
irrelevant” balls which arrive on the 
second branch during a long series on 
the first. If all the balls in the second 
branch are irrelevant, the door may be 
kept closed against them and they will 
eventually exceed the critical time and 
be removed ( 15). But if some relevant 
balls are also on the second branch, the 
door will have to be opened and the 

«ture of relevant and irrelevant balls 
wn the stem. The former can 
be recirculated in the usual immediate 
memory fashion, and the latter removed 
by the lower door. The presence of 
irrelevant palls either before or after 
pi s will therefore produce a 

ing or of the criti- 


of jamm i 
eing exceeded. This also is 


memory (9). 
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(e) Now consider cases in which the 
order of the balls emerging at the bot- 
tom of the stem is different from that of 
their insertion. The extreme case is that 
of “backward memory ae be ot 

imple model, the easiest situation to 
ae is that in which the first half 
of a series of balls is to emerge after the 
second half. This can be arranged on 
the first circulation by passing the first 
balls down the stem and back up the 
return tube to the branch opposite to 
that in which they were inserted. The 
later balls are returned to the same 
branch which they entered, and on the 
second circulation are the first to be ad- 
mitted to the stem. After they have 
passed the flap the other balls can fol- 
low them. This will mean that the first 
balls have stayed in the branch longer 
than will normally be necessary for sim- 
ple recirculation, and so are more likely 
to exceed the critical time, Therefore 
such a rearrangement of order will re- 
duce the “memory span.” Furthermore 
it will alter the order of difficulty, since 
the first members of the series will suffer 
more than the later ones, These effects 
have been shown by Kay and Poulton 
(26), and are supported by Brown (13). 
The reduced memory span for a rear- 
ranged list is of course familiar from in- 
telligence testing, but the change in the 
serial-order effect is a more important 
deduction. 

(f) Serial-order effects will clearly de- 
pend very considerably on the rates of 
presentation of stimuli and of required 
response, as compared to the rate of re- 
circulation. They will also depend on 
the way in which stored information is 
used to operate the two handles—that 
is, on the strategy of the subject. They 
will certainly not be completely deter- 
mined by the primitive learning process, 
as is supposed by some existing theories, 
In fact it has been shown by Kay and 
Poulton (26) that the serial-order ef- 
fect is altered by the subject’s absence 


D. E. BroapBent 


of knowledge about the order in which 
recall will be required, even though the 
actual order remains the same as in a 
control experiment. (Knowledge of the 
amount to be recalled will also affect the 
efficiency of recall as well as the order, 
as has been shown by Brown ni 
This is because the uninformed page 
must recirculate material which is no 
in fact to be recalled later; retention is 
an active process.) P 

Some pe points about serial-ordef 
effect may be made, however. First, a 
the rate of response is below that a 
recirculation, but not so slow as to & 3 
low complete recirculation between ‘il 
Sponses, the first items in response Es 
have stayed in store less long than E 
later items. So, as in (b) above, A 
earlier part of a list recalled in the 0 A 
der of presentation will be better “i 
called than the later part. Second, d 
the time taken to respond is eliminate 
—for instance, by requiring recall fê 
only one item in the series—then a 
time taken to present the stimuli wa 
the chief factor influencing serial-or i 
effects. The last stimuli to arrive w 
then be those which have been e 
for the shortest time, and will be, pii 
recalled. This is the result of Gibso 
and Raffel (23). ongie 

Third, a special case of some ma 
tance arises when fresh material iS is 
ing presented while earlier material 
eing recalled. Considering the mok 
Suppose a short series of balls are Í 
serted and recirculated to the brano 
OPposite that by which they arrived. 

€y are now to be passed down on 
stem during the arrival of fresh bala 
the original branch, the earliest of he 
second series of balls will suffer t 
longest delay. Consequently the en 

e first Series and the beginning of 
Second series will be the points of gre a 
est difficulty, Jf the two series are k r 
sidered as one long one, the cape! 
U-shaped Serial-order effect will appe?”’ 


at- 
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This has been demonstrated by Poulton 
(32). In conyentional learning experi- 
ments subjects are not instructed to re- 
hearse (recirculate) the earlier items 
during presentation of the later ones. 
But it seems plausible that, during the 
presentation of a long series at a me- 
dium rate, the presence of the earlier 
balls in the second branch should nor- 
mally encourage a tendency to recircu- 
late them while the later balls are still 
arriving. This would be comparable to 
the higher priority of a previously quiet 
channel, which was mentioned in the 
section on perception. It would result 
in the U-shaped curve of difficulty be- 
ing the usual one for serially presented 
material; but the curve will be subject 
to great modification by instructions. 
Furthermore a very slow rate of pres- 
entation, resulting from allowing recir- 
culation during gaps between presenta- 
tions, will minimize the effect. This is 
the case (24). 


LIMITATIONS OF THE MODEL 


ees properties of the model are 
mo A to be misleading. Of these the 
ti st important has been stated several 
nes above, but is worth repeating. 
en represent information, not 
tem omen The reader must not con- 
i ee the Y tube and decide that 
taneo imuli cannot be dealt with simul- 
E eS They can if they convey 
ire ke little information. Clearly, 
anoite oo are compatible with one 
“volunta and it is likely that simple 
Pable P reactions are equally ca- 
ously, Tt being carried on simultane- 
tions terete only with unpracticed reac- 
alternatives $ a choice between several 
ence betwe, that we find an interfer- 
a very Shep two stimuli; but this 1s 
tory. Theori. case outside the labora- 
ward by W ies such as that put for- 
elford (38) for the “refrac- 


tory Š 
period” undoubtedly need the 
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qualification that highly probable stimu- 
lus sequences may not show these ef- 
fects (22). But this does not disprove 
their general value. 

A related point is more serious. The 
length of the immediate memory span is 
roughly constant whatever the size of 
the ensemble from which the items are 
chosen (31): one cannot remember 
enough binary digits to make the in- 
formation in immediate memory equal 
to that stored in memorizing ordinary 
decimal digits (30). Yet the model 
makes the limit on memory span de- 
pendent on the time taken to pass the 
items through a limited capacity sys- 
tem, which will in turn depend on the 
information per item. Perhaps this diffi- 
culty may be resolved by suggesting 
that each possible item represents an 
extra branch on the stem, and an in- 
coming ball is always recirculated to its 
appropriate branch. The time taken to 
withdraw all the balls again would then 
depend on the time taken by the flap to 
operate, which is not dependent on the 
information per item. But this is clearly 
leading us into complications; for the 
present we may merely note that the 
point is an important one about im- 
mediate memory but not impossible to 
handle with a model of this type. A 
minor caution which should be added is 
that the model is deterministic while all 
the experimental results quoted are sta- 


tistical. 
Finally, 

model as one whi 

by an exactly wor 


we have put forward this 
ch may be described 
ded theory which ap- 
plied also to man. The present paper 
is directed largely at those who find 
such a theory unintelligible in its origi- 
nal form, but it should be borne in mind 
that the theory under test is the abstract 
one given in the first section. Other- 
wise the error of identifying the model 
with the organism may be made, if only 
to discredit the theory by its obvious 
absurdity. The formulation given ear- 
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lier is not complete, but it indicates the 
way in which the model and the man 
may be described by the same abstract 
theory. There should therefore be no 41 
excuse for treating the Y tube as any- 
thing more than an expository device 
and a mnemonic for recalling the results 
of numerous experiments. The writer’s 
freedom from such an error is demon- 
strated by the fact that he has never 
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| DISCRIMINATION OF CUES IN MAZES: A RESOLUTION OF 


THE “PLACE-VS._RESPONSE” QUESTION * 


} 
FRANK RESTLE * 


Center for Advanced Study in the Behavioral Sciences 


p Weiher rats in mazes learn turning 
h Ponses or places is a question which 
9 ED often been subjected to experimen- 
ea a Data from different experiments 
Epiit and attempts at a definitive an- 
ae ma only to add to the confu- 
Hat i. his paper will defend the thesis 
T oe place-vs.-response question is 
isla: formulated, and that the data 
une ail to decide between place and 
Pegs learning give an unequivocal 
alge to a question properly stated. 
na place-vs.-response question has 
fah Pp ene largely through the use 
same maze, rotated in its visual sur- 
ing ey A typical arrangement show- 
baa ng reinforced in “place” and “re- 
e learning is shown in Fig. 1, 
ae with the fixed-maze problem in 
Bei oth place and response may be 
Doss i In both place learning and re- 
ater earning, the maze is rotated on 
Deir e trials at random. The place 
À T ik is always to go to the same place 
S TA responding consistently to 
Rene aze cues but making different 
N a different trials. The response 
! Boing pees the same turn on all trials, 
tS; ad different places. One supposed 
whether place or response learn- 


1p; = 

{. draft r. Richard L. Solomon suggested and 
p) ed part of thi 

is guid of this paper (see footnote 3). 

edged, ance and help are gratefully acknowl- 


2 No: «pe 
Ww at Michigan State University. 
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ing is more dominant is to compare rates 
of learning on these two problems. An- 
other test is to train animals with the 
maze in a fixed position (place + re- 
sponse learning), and then rotate the 
maze for a test trial. The animal can 
now either make the same turn he has 
learned or go to the same place he has 
been going to, but not both. In this 
direct opposition experiment, the rela- 
tive number of animals taking each 
choice is a test of the relative dominance 
of place and response. 

In 1946, Tolman, Ritchie, and Kalish 
(23) proposed that jn such a situation 
place learning is more natural and primi- 
tive for the rat than response learning, 
and place will dominate response in all 
tests. Their experiment supported the 
hypothesis, but some later repetitions 
have found response dominating place, 
or have found no difference. 

An answer to these apparent contra- 
dictions is here sought by assuming that 
maze running depends on a multiplicity 
of cues, and that the rat learns differ- 
ential responses to relevant cues in a 
maze just as he would in a discrimina- 
tion box. A theory pased on learning in 
the discrimination box will be applied to 
the maze situation. Since the discrimi- 
nation theory to be used (15) is very 
close to earlier theories of the effect 
of sensor, jnput on learning in mazes, 

j ich antedate the place-vs-re=~ 
theories hich an Edn. Pav. Research 
DAVID HARE TRAINING GOUL 
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PLACE RESPONSE 


PLACE + RESPONSE 


Fic. 1. Runs reinforced ia place, response, 
and place + response (fixed maze) learning. 
Only one T maze is Present on a given trial. 


Sponse controversy, it is useful to place 
the recent studies within their historical 
context and analyze all the data at once. 


MULTIPLE Cur THEORY 


Hunter (9, 10) and Honzik (8), 
among others, have proposed that learn- 
ing and performance in mazes depends 
upon many cues, in all available modali- 
ties and from all sources. Depending on 
what stimuli are available to the rat, 
maze learning may depend on visual, 
auditory, olfactory, tactual, and kines- 
thetic stimuli. Visual, auditory, and 
olfactory stimuli may arise from within 
the maze or outside. The cues used by 
rats may be not only the specific physi- 
cal stimuli but also patterns or arrange- 
ments of stimuli, so that changes which 
preserve the arrangement may not dis- 
rupt performance. 

When a portion of the cues are re- 
moved by surgery or screening, or made 
irrelevant by interchanging maze units, 
rotating the maze, etc., learning of the 
maze is retarded, but mazes are often 

perfectly solved in the presence of known 
irrelevant cues. 
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The earlier formulation of multiple cue 
theory is somewhat refined by consider- 
ing more recent theory derived from dis- 
crimination learning (15). This newer 
theory distinguishes between relevant 
cues, which bear a regular relationship 
to the correct path, and irrelevant cues 
which are not consistently related to the 
correct response. 

A cue with a constant or predictable 
relationship to the true path will in the 
course of learning become “conditioned 
to the correct response. All such cues 
will eventually be learned, and all will 
play a part in performance. If a cere 
tain cue is irrelevant, bearing a changing 
and unpredictable relationship to the 
Correct response, it cannot be the basis 
of learning and is only a distractor. 
Such cues will become “adapted” during 
learning, and eventually will play no 
part in performance. 

The rate of learning depends directly 
on the proportion of relevant, usable 
Cues in the total set available. 

When learning has been based on a 
variety of relevant cues and then some 
of these cues are scrambled and made 
irrelevant, the amount of disturbance 
reflects the relative importance of the 
newly changed cues. Though irrelevant 
Cues will eventually be adapted, making 
important cues irrelevant reduces the 
Proportion of relevant cues and thus 
tetards learning. Disruption due to 
scrambling of learned relevant cues iS 
attributed to the fact that such cues are 
not adapted, having previously been 
relevant. Recovery from the disturb- 
ance results from progressive adaptation 
of the scrambled cues, 

If the learning Program involves con- 
stantly introducing new cues which have 
not been present before, these new cues 
will always disturb performance, since 
they cannot have been attached to the 


Correct response and they cannot have 
been adapted. 
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Ay an ordinary multiple-unit maze, 
~~ untrained rat responds erratically 
i y in training, producing different 
inesthetic stimuli on different trials. 
As a result, such stimuli are not con- 
sistently related to the true path, and 
rione they cannot be the basis of rapid 
earning. As performance based on 
as cues improves, the animal makes 
‘a ‘i nearly the same movement each 
ial, producing for himself a regular 
ae of kinesthetic stimuli which can 
bebe as partial basis for the learned 
Toeni Highly skilled performance thus 
Gosek to some degree on kinesthesis, 
ent such cues do not alone mediate 
N to a significant degree. 
of ee application of the theory 
mot ro ON learning to mazes does 
eau er in important respects from the 
fe hati and conclusions of Hunter 
Gti The main refinement is in 
Pearse the rate of learning to the 
lier aa of relevant cues. The ear- 
inet a do not make just this state- 
inter ough their statements may be 
ta to this effect. 
A eo ee will be made in this paper 
oo ee quantitative for- 
multiple of discrimination learning to 
Peculiar pee” maze learning. The effects 
earning o the serial character of maze 
Nation sand not reflected in discrimi- 
Maze jg Og When a single-unit T 
SPonse i » as in the recent place-re- 
ory Oe ating discrimination the- 
ive one apply exactly and quantita- 
ictions should be correct. 
e multiple cue theory can be com- 


Pare z 
ig cae results of studies using 
Stang €-unit mazes, with the under- 


g bor oe specific quantitative values 
Pend both es, trials to learn, etc.) de- 
d on dein the discrimination of cues 
Og of th al patterns, An understand- 
iS essentia] į earlier studies of maze cues 
e ree, gaining a clear insight into 
--response controversy- 


Tue HISTORICAL CONTEXT è 


Studies of the sensory control of maze 
behavior of rats have been reviewed in 
detail by Munn (14), so only a broad 
summary will be given here, along with 
discussions of the main points. 

Early studies of the role of sensory 
processes in maze behavior were moti- 
vated by the early conclusion by Small 
(1901) and by Carr and Watson (1908) 
that in complex mazes rats form kines- 
thetically controlled habits which be- 
come “automatic.” This hypothesis is 
that kinesthetic cues, arising from one 
response in the maze, serve as the main 
cues to the next response in the se- 
quence. Each response is associated 
with the previous one, and other sensory 
input becomes unimportant in maintain- 
ing performance. This conclusion was 
based on the erroneous assumption that 
if one sort of cue is important, others 
must be unimportant. The technique 
was essentially one of eliminating a 
single sense modality at a time, in each 
case observing that performance remains 
essentially intact. The only modality 
not disturbed was kinesthesis, which was 


assumed to be “the” crucial one. Hunter 


(11) has shown the flaw in this line of 


argument. 
The “‘kinest 
a series of exper: 


hetic” hypothesis inspired 
iments designed to prove 
or disprove it. These experiments un- 
covered a wealth of information about 
the cues which in fact control behavior 
in various mazes. Fundamentally, the 
data were analyzed to determine the 
relative effectiveness of (a) kinesthetic 
stimuli, (2) jntra-maze stimuli, such as 
visual, olfactory, and tactual stimuli 
from the maze itself, and (c) extra- 
maze stimuli, such as visual or auditory 
ing of these studies on the place- 
estion was pointed out to the 
R. L. Solomon. This section 
ning of the next section are based 
personal communication from 


3 The beari 
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author by < 
and the begin 
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him. 
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stimuli from the room containing the 
maze. Intra- and extra-maze stimuli 
were broken down into components due 
to different sense modalities, again with 
the intention of evaluating each. 

The methods used in assessing the role 
of sensory events in maze behavior were 
as follows: (a) surgical interference with 
receptor organs and neural pathways; 
(b) elimination of stimuli from the 
intra-maze or extra-maze environment; 
(c) introduction of distinctive stimuli to 
the environment; and (d) the con- 
trolled rearrangement of intra-maze and 
extra-maze stimuli. 

In general, the results of these experi- 
ments were as follows: 

(1) Simple alternation mazes can be 
learned by the rat on the basis of kines- 

thetic cues alone, but more complex 
mazes cannot be learned in any reason- 
able number of trials without the aid of 
visual, olfactory, or auditory cues. Re- 
moval of kinesthetic cues by surgical 
means does not greatly affect maze per- 
formance if intra- or extra-maze cues are 
left intact. However, once a maze per- 
formance is perfected on the basis of 
intra- or extra-maze cues, removal of 
such cues does not destroy the perform- 
ance completely. As one would expect 
from the multiple cue theory, kinesthetic 
Cues are relevant and conditioned to the 
correct response only when a regular re- 
lationship between the last response and 
the next correct response is established. 
Such a relationship exists in a simple 
alternation maze early enough for learn- 
ing to take place. In more complex 
mazes, usable kinesthetic cues exist only 
after the maze is learned on some other 
basis. Since during learning kinesthetic 
cues are mostly irrelevant anyway, their 
removal does not retard learning, 

(2) Mazes can ordinarily be learned 
on the basis of intra-maze cues alone, 
even if extra-maze cues are made irrele- 
vant by rotating the maze in the room. 
Such rotation retards learning, however, 
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especially if the maze is elevated and 
the room contains conspicuous visual 
cues. If the maze is kept in place in the 
room and its spatial arrangement is pre- 
served while units of the maze are inter- 
changed to make intra-maze stimuli ir- 
relevant, rats can still solve the prob- 
lem. Again, interchanging of stimuli 
retards learning. In many mazes, it 
should be noted, all blinds have a com- 
mon visual appearance, being shorter 
than true alleys and ending within sight 
of the rat at the choice point. Inter- 
changing units does not make such 
stimuli irrelevant. But even if the spa- 
tial pattern of the maze is scrambled, if 
the goal is in a fixed position relative to 
the extra-maze environment the rat can 
learn to run to the goal box without fol- 
lowing alleys which lead away from the 
food. Thus, intra-maze and extra-maze 
cues are each separately capable of sus- 
taining learning and performance in the 
maze. With one type scrambled, per- 
fect performance can often be attained 
based on the other type, indicating that 
irrelevant cues are eventually disre- 
garded. Retardation of learning due to 
removal or scrambling of important cues 
is consistently observed. 

(3) In elevated mazes, where most of 
the visual field arises from outside the 
maze, extra-maze cues are usually more 
important than intra-maze cues. If the 
maze is enclosed in a homogeneous 
room, however, extra-maze cues are rele- 
gated to a minor role. “‘Intra-maze cues 
are generally more important in alley or 
tunnel mazes, where the rat has at best 
an obstructed view of the outside. In 
a unidirectional maze, extra-maze cues 
are More important than they are in a 
maze which requires the rat to run m 
many different directions. The results 
Support the idea that either type of cue 
may be the more important, depending 
on the relative amount of relevant stimu- 
lation stemming from each source. 

(4) In general, two ways of assessing 
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the importance of a certain cue give 
comparable estimates. One method is to 
scramble the cue during learning, as- 
sessing its importance by the relative 
retardation in the rate of learning. The 
other method is to have the rat learn 
the maze with the cuè relevant, then 
scramble it. The amount of disruption 
of the perfected habit indicates the im- 
portance of the cue. To an approxima- 
tion, these two methods rank various 
classes of cues the same way. Remov- 
ing a type of cue by depriving the ani- 
hy of necessary receptors, as by blind- 
TE or deafening the animal or rendering 
T seme by surgical interference, is 
: ne same thing as scrambling cues 
aee mentally: Blinding, for example, 
TER both relevant and irrelevant 
A cues, whereas rotating the maze 
ERE otherwise relevant extra-maze cues 
hare and does not affect intra-maze 
fey cues. Thus, exact comparisons 
i“ een the’ effects of scrambling and 
effects of surgery cannot usually be 

made, 
ae findings suggest that kinesthetic 
on ae unimportant in the learning of 
pate mazes, but that both intra- and 
ae maze cues are important. The 
= importance of various types of 
ee epends on the maze and its sur- 
eae) for rats seem to use various Cues 
aoe as those cues are avail- 
F hon! relevant. Rats seem capable 
AR ercoming the distraction of irrele- 

cues, 
cona results are consistent with the 
Bee ion that maze learning and per- 
a ie depend on multiple cues, and 
ee cues are discriminated and re- 
the ae learned to them in accord with 
eory of discrimination learning. 


«p. 

at ” 

ACE” AND “RESPONSE” IN SINGLE- 
Unit T Mazes 


I ; - 
studies light of the earlier extensive 
S of the sensory basis of maze run- 


ning, studies of place and response in T 
mazes appear as comparisons of extra- 
maze and kinesthetic cues. The Tol- 
man-Ritchie-Kalish hypothesis that rats 
learn “places” rather than “responses” 
means, in the earlier terminology, that 
extra-maze cues are more important than 
kinesthetic cues. Since in earlier studies 
kinesthetic cues were found barely suffi- 
cient to permit any learning at all; 
whereas extra-maze visual cues bulk 
large in importance when they are avail- 
able, it would appear that the dominance 
of “place” learning was indubitable, and 
the Tolman-Ritchie-Kalish experiment 
redundant. 

It should be noted that Tolman’s 
“place” formulation is inferior to ear- 
lier formulations. Tolman does not 
specify what cues are thought to make 
up “place” indications, and he does not 
identify “response” learning as learning 
based solely on kinesthetic cues. Though 
intra-maze cues do not seem to be “re- 
sponse” cues in Tolman’s sense, it is not 
clear whether they are “place” cues OF 
not. 

Though the hypothesis that place 
learning will dominate response learn- 
ing seems to follow in a general way 
from Tolman’s concept of cognitive 
maps, his position was not really contro- 
versial because stimulus-response theo- 
rists did not believe response learning 
would be easier than place learning. 
The early Carr-Watson hypothesis, that 
maze habits are mainly controlled by 
kinesthesis, was by 1946 buried under 
conflicting evidence, and S-R theories 
stated that the stimulus components of 
the maze habits were quite likely to be 
al cues, especially if the 


extra-maze visu , 
d and in a room full of 


maze is elevate: 


such cues. 
From these considerations, one should 


expect that the dominance of place 
Jearning is a foregone conclusion. The 
existence of a “controversy” is itself a 
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surprise. In order to show the nature 
of this controversy it is necessary first 
to consider how place-response experi- 
ments have been conducted and what 
results have been obtained. Since this 
recent literature has not received a de- 
finitive review, a relatively thorough 
analysis is presented here. 


Tests of Place-vs.-Response Dominance 


We first consider whether place learn- 
ing in fact dominates response learning 
in the single-unit maze. Ten studies 
have compared the rates of place and 
response learning in single-unit T mazes 
or slight modifications thereof. Of these, 
seven found place learning faster ( 1, 3, 
5, 22, 23, 24, 25), and two found re- 
sponse learning faster (7, 20), while one 
found that either could be faster de- 
pending on the intertrial interval (21). 
In direct opposition tests (rotation of 
the maze after the habit is learned on 
a fixed maze), one study showed that 
either place or response could be su- 
perior depending on the shape of the 
approach stem (18), another showed 
that either could be dominant depend- 
ing on differential cues (27), and two 
others found response tendencies over- 
riding place tendencies (2,12). A modi- 
fication of the Opposition test consists 
of setting up Conditions in which the 
animal alternates. Several studies have 
asked whether an animal alternates re- 
sponse or stimulus (place) character- 
istics (4, 6, 13, 26), and the answer 
has always been that place alternation 
is stronger than response alternation. 
These studies used enclosed alley mazes, 
“place” cues being especially distinctive 
intra-maze cues. 

In summary, if we merely count titles, 
the impression is received that place 
tendencies are usually learned faster 
than responses, and that they are some- 
times stronger in opposition tests, espe- 
cially those depending on alternation. 
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One certainly cannot draw the conclu- 
sion that place learning is always domi- 
nant, though, for response tendencies 
dominate in at least some conditions of 
seven different studies. 


Conditions Associated With Place and 
Response Dominance 


Since neither place nor response 1s 
uniformly dominant, we may consider 
the experimental conditions which make 
one or the other stronger. 

Several writers (1, 7, 21,-25) have 
suggested that the relative dominance of 
place depends on the amount of ouen 
ential visual stimulation. This is, © 
course, the position taken by earlier 
writers on general maze learning, though 
place-vs.-response studies are not usu- 
ally analyzed in terms of this variable. 
Counting heads in the experimental re- 
ports, we see that the use of a homoge- 
neous visual surround (a dome or p 
closure, usually made of muslin, whic 
prevents the animal from discerning any 
uncontrolled stimuli from the room about 
him) greatly predisposes rats to learn ie 
sponses instead of places. All four ex- 
periments using such domes report na 
sponse dominance (2, 7, 20, 21), thous! 
one (21) showed that response domi- 
nance could be neutralized by massing 
trials. The only other cases of response 
dominance reported (12, 18) were 17 
Plain rooms under low illumination, 
which may be thought of as approxima- 
tions to dome-type enclosures. All other 
studies showing place dominance were 
done in open rooms (1, 3, 5, 22, 23, 24, 
25) or in alley mazes with strong dif- 
ferential cues (6, 13, 26). One study 
showed that when the two places con- 
trast sharply in illumination, place domi- 
nates, whereas when the illumination }§ 
more nearly equal, response tendencies 
dominate. : 

In summary, place tendencies domi- 
nate when visual stimuli at the two ends 
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a rae are very unlike, and re- 
stimuli pe dominate when such 
casei tha d re atively alike. In every 

Lithve— omination seems to be quanti- 
cies exi oth place and response tenden- 
Other a but one is stronger than the 

B depending on stimulus conditions. 
wé oe the experimental reports 
tutes get some idea of what consti- 
The a strong place cue for the rat. 
Seda dramatic place dominance was 
a = two studies (17, 23) in which 
a ges were located to one side, 
of fice goal than the other. In one 
he oe studies (17) it was found that 
ane os not give up responding 

er ace in the room, despite a num- 
moved een until the cages were 
Tats reve ollowing which almost all the 
only a s] rsed. Stimuli such as lights had 
Pared ight effect on performance, com- 

Wh with the rat cages. 

e re fhe cages are placed directly 
Not avail 8 point and are thus 
room i able as place cues, or when the 
stimuli a devoid of cages, such visual 
Bive rise Si ihdas (in daylight studies) 

, as do © strong place preferences (1, 
Small ob; well-lighted rooms with many 

lee them (5, 25). Some- 
Ominaney triking but still consistent place 
Whic was shown in two studies 1m 
Wall te wall of a plain room (the 
Well toate one goal), was moderately 
ing Same the other wall not be- 

Wer op ated at all (22, 24). The 
Noting th room cues can be estimated by 

isctimina quick learning of a successive 

tem 3 er between rooms (19). At- 
domes © give differential cues inside 
behing 7 Wuminating a 10-inch disc 
(2, 153, 2e goal with a 7.5-watt lamp 


Selve, hes using 7.5-watt lamps them- 
ver ead cues, with (7) or without (20) 
Placi illumination, did not lead to 


: et 
Ay mag ate Symmetrical overhead 
Sponges 3 in an empty room produced 

ominance with spaced practice 
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(21). A small lamp on the floor below 
one goal, pointed to throw long shadows 
on the floor, gave slightly more place 
than response tendency (18). Ratio of 
illuminations rather than difference seems 
to be a crucial variable (27). 

In summary, rat cages are very strong 
place stimuli, windows or objects in a 
well illuminated room rank next in 
power, and fairly strong differential 
lighting of walls of a plain room is also 
effective. Discs lit by 7.5-watt lamps, 
or such lamps themselves, are not usu- 
ally enough to make place dominant 
over response in an otherwise homoge- 
neous setting. 

Some other variables are associated to 
some degree with place and response 
dominance. For example, all experi- 
ments using pigmented rats, (4, 22, 23, 
24) show place dominance, except for 
one (12) which showed cases of both 
place and slight response dominance un- 
der low illumination. But white rats 
also show place dominance under good 
illumination (1, 3, 5, 25), so we may 
that it just happened that ex- 


perimenters who intended to use strong 
sometimes used pig- 


visual cues also 
ke advantage of their 


mented rats to ta a f 
superior vision. The pigmentation of 
the rat cannot be shown to have any 


other effect on place and response domi- 
nance. a 
The noncorrection procedure (picking 
up the rat after an error) seems to lead 
to better response learning than the cor- 
rection procedure (allowing the rat to 
find the food by retracing after an 
error). Using the place-response an 
jes, the effects of correction cannot be 
isolated from the yisual cue effects men- 


tioned above. 
One study (21) 
sponse learning 1S slow 
trials. Little more a 
fects in these studies 1S 


reason 


indicates that re- 
ed by massing 
ut massing ef- 
nown, but most 
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of the studies employ at least moderate 
trial spacing. i : 

There seems to be no interesting re- 
lation between place-vs.-response domi- 
nance and either the ages of rats used 
or the size of the maze employed. The 
slight tendency for smaller mazes to go 
with response dominance is more than 
explained by the tendency of experi- 
menters using domes to use slightly 
smaller mazes for convenience. 


Evaluation of the Place-vs-Response 
Controversy 


The details of the single-unit T maze 
experiments quite clearly indicate that 
there is nothing in the nature of a rat 
which makes it a “place” or “response” 
learner. The main factor determining 
the outcome of place-vs.-response ex- 
periments is the amount of extra-maze 
visual stimulation which differentiates 
the region around and behind one goal 
from the region around and behind the 
other. Such visual cues are relevant in 
place learning and irrelevant in response 
learning. 

It seems reasonable to conclude that 
the place-vs.-response controversy, which 
seemed ill formulated when compared 
above with earlier maze studies, gives 
a distorted and confusing interpretation 
of the experiments designed to settle it. 

It should be remarked that in single- 
unit mazes, kinesthetic cues appear suffi- 
cient to support quite rapid learning. 
This conflicts with Honzik’s conclusion 
that “when all other avenues of stimula- 
tion are destroyed, kinaesthesis is help- 
less” (8, p. 56). Honzik’s statement, if 
taken as applying generally to all mazes 
including single-unit ones, would be in- 
correct. The importance of a sense mo- 
dality depends on the richness and rele- 
vance of stimuli in that modality which 

exist in the maze situation. In single- 
unit mazes, relevant kinesthetic stimuli 
apparently abound. In Honzik’s 14- 
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unit maze, animals do not make regular 
enough runs to give themselves a con- 
stant set of kinesthetic stimuli on which 
to build accurate performance. One 
may also consider Hunter’s point that 
in complex mazes, with left and right 
turns required in irregular order, simple 
kinesthetic cues are irrelevant. Attempts 
to state the relative importance of sense 
modalities or of intra- and extra-maze 
cues in general, for all mazes, are akin 
to the “place-vs.-response” hypothesis in 
that they fail to incorporate the most 
important variable, the stimulus situa- 
tion presented to the animal. Such 


attempts are, accordingly, doomed to 
failure. 


PREDICTION or T-Maze DATA BY THE 
QUANTITATIVE THEORY oF Dis- 
CRIMINATION LEARNING 


The single-unit T maze, being devoid 
of the serial characteristics of more com- 
Plex mazes, may be thought of as 4 
kind of discrimination-learning appa- 
ratus. When the T maze is rotated on 
random trials as in place-response €x- 
periments, extra-maze (place) and kin- 
esthetic (response) cues are uncorre- 
lated. In place learning (see Fig. 1) 
place cues are relevant, and all others 
including response cues are irrelevant. 
In response learning, response cues are 
relevant and all others including place 
Cues are irrelevant. In place + response 
learning, with a fixed maze, both place 
and response cues are relevant. 

We may entertain the hypothesis of 
cue-additivity: that ‘the set of cues rele- 


_ *If the whole maze is rotated as a units 
intra~maze cues are relevant in response learn- 
ing and are confounded with kinesthetic cues- 
If the starting stem is moved but the cross- 
arm is left in place, intra-maze cues are rele- 
vant in place learning, and are confounde 
with extra-maze cues. We shall assume that 
intra~-maze cues combine additively with the 
cues they are correlated with, and shall not 
specify what happens to them. 
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Taaa in place + response learning is 
A ply the sum of the place and response 
es. This hypothesis can be tested 
quantitatively, using a theory of dis- 
crimination learning (15). In this the- 
A the rate of learning is set equal to 
a esas of relevant cues, and the 
gle number is called 6. The learning 
ae (or statistics such as total errors 
ao total errors in 7 trials, trials- 
see pe etc.) may be used to esti- 
ie : and, conversely, given 0 the 
a rig curve or any of its statistics 
eee oe in advance of experi- 
the eth The equations involved and 
nee . a computation will not be 
a slug and Shaw (5) used three 
Prac, of rats trained in the same ap- 
of oe oA surround, under conditions 
Pe earning, response learning, and 
a a or place + response learning, 
Eini vely. Using median trials-to-cri- 
Elles cay an index of typical perform- 
ar ea aeerion of relevant cues in 
alae lem was computed, using the 
Bi a. of discrimination-learning the- 
aie LE pa ge the proportion of 
problem cues in the place + response 
none should be the sum of the pro- 
GED aE in the other problems: Op:r = 
fons - The results of the computa- 
in Tabl check this hypothesis are shown 
ae ri i Place + response perform- 
cae predicted using only data from 
tion a and response groups. Inspec- 
thot able 1 indicates that the prê- 
since is relatively accurate, although, 
subjects in the place + response 


ween retracing and “false-start” responses 
Probab as errors, animals had a higher 
response y of making an error than a correct 
bias in Bn the beginning of training. This 
effect on ten of errors has relatively little 
gly us Brae econ which is accord- 
Paramete, as an index of performance. The 
ction o 2, ÍS estimated from trials-to-cri- 
likelihge’, 22 approximation to the maximum 
od method. 


TABLE 1 


Mepran Triats To 10-our-oFr-10 CRITERION 
AND PROPORTION OF RELEVANT Cors (6) 
IN THE GALANTER-SHAW EXPERIMENT 


Observed Predicted 
Relevant Cues 9|—————— 
Trials 0 Trials 6 
Place '5:0'\| 3% m ie 
Response 33.5 110 = 
Place + Response | 2.0 | .58 3.1 | 44 


group ranged in trials-to-criterion from 
0 to 3, the prediction is at the edge of 
the obtained distribution of scores.® 
Scharlock (20) used a maze in a dome 
with either one light behind one goal or 
lights behind both. If there was one 


light it was the only source of differ- 
ential place cues, SO if there were two 
Schar- 


lights there were no place cues. 
lock ran place, response, and place + re- 
sponse groups with one light. He also 
had a control group which made no 
progress on place learning with both 
lights—an expected result confirming 
that with a light behind each goal there 
were no place cues. One other group, 
which we may call “response-minus- 
place,” learned a response with both 
lights on, and thus with no place cues 
available. Here again we can predict 
that the place + response group will 
yield a learning rate, Op.n, Which is the 
sum of the rates of the place and re- 
sponse groups, Op + ôR- In addition, 
the learning rate of the response-minus- 
place group should be faster than that 
of the response group, because of the 


in a personal communication, 
ace + response group was run 
arts of the experiment were 
's opinion, the experi- 
menters were by this time somewhat more 
skillful, and the place + response group had 
an advantage- ee 

discrepancy between prediction and observa- 
tion. 
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TABLE 2 


Errors IN 28 TRIALS AND PROPORTION OF 
RELEVANT Cuers (0) IN THE ScCHARLOCK 


EXPERIMENT 
Observed | Predicted 
Relevant Cues 
Errors| 0 | Errors| 0 
Place 5.53 | .216*| — 


3.84 | .296 _ 
Response E 
Place earnan po place | 17.50 | .000 = 
cues (2 lights 
Response 2.28 | 445 2.00 -512 
poe eiie 2A | 200 378) 
cues (2 lights) 


* Because of initial biases, the Probability of correct 
response on the first trial is estimated at_about 375 
for all groups. The correction is made in§the fashion 
shown in (16). 


elimination of irrelevant place cues. 
Since 6p is the proportion of differential 
place cues, it follows theoretically that 
r-r = Op/(1 — Op). The results of 
computations to check these hypothe- 
ses are shown in Table 2. Inspection of 
Table 2 shows that the predictions are 
quite accurate. The discrepancies be- 
tween predictions and observations are 
Not statistically significant, 

A third experiment by Blodgett, Mc- 
Cutchan, and Mathews (3) separates 
location and direction cues. The rat 
may approach the same location (for 
instance, the center of the room) from 
either of two directions if the maze is 
shifted appropriately, Location and di- 
rection are usually lumped as place cues, 
but in this experiment they are sepa- 
rated. Seven groups constitute the ex- 
periment, with one group learning each 
problem possible: location, direction, re- 
sponse, all combinations of two relevant, 
and the combination of all three rele- 
vant (fixed maze learning). 

The data were reported in terms of 
“cycles,” pairs of trials, which contained 
at least one error. From this it is not 
possible to make good estimates of 0, 
but an effort has been made to attain 

fair approximations. The estimates, and 
the corresponding predictions made by 


adding 6-values of problems with fewer 
relevant cues, are shown in Table 3. 
The results seem quite encouraging, un- 
der the circumstances. 


SUMMARY AND CONCLUSIONS 


Consideration of early studies of the 
sensory basis of maze learning, and re- 
view of place-vs.-response experiments, 
indicate that: 

(1) There is nothing in the nature of 
a rat which makes it a “place” learner, 
or a “response” learner. A rat in a maze 
will use all relevant cues, and the im- 


portance of any class of cues depends. 


on the amount of relevant stimulation 
Provided as well as the sensory capaci- 
ties of the animal. In place-response 
experiments, the importance of place 
Cues depends on the amount of differ- 
ential extra-maze stimulation. 

(2) A multiple-cue theory of maze 
learning is successful in comprehending 
the major results of experiments using 
complex mazes, and the detailed re 
sults of place-response experiments using 
single-unit T mazes. sal 

(3) Useful refinements of classica 
multiple-cue theory were taken from 
discrimination-learning theory. These 
are that irrelevant cues are adapted 
during learning, and that the rate of 


TABLE 3 


PROPORTION or Rerevanr Curs (0) 
ESTIMATED AND PREDICTED IN 
THE BLODGETT, MCCUTCHAN, 
AND MATHEWS EXPERIMENT 


Relevant Cues P pauinelted Predicted 
Location .02 T 
Direction ll pa 
Response .08 ae 
Location + Direction 13 B, 
Location -4+ Response 10 10 
Direction + Response 13 18 
Location + Direction 18 -21 

+ Response 
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learni 

oat ee on the proportion of 
a ee analysis of the re- 
Eo. Pea place-response experi- 
lee ig that place and response 
testone ine additively in the place + 

The (fixed maze) problem. 
RA aes general conclusion is that 
lin initive” studies of the place- 
hy ake F controversy, to prove that 
Dia Sen nature either place or re- 
the e rners, would be fruitless since 
an 2 incorrectly drawn. How- 
stimuli ag the T maze to analyze the 
et wan learning holds promise 
count of i a consistent quantitative ac- 
studies ca an rats find their way. Such 
ees ae uild on the earlier work on 
plex mazes. 
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ee eae of learning would agree 
Bk a x er for an organism to acquire 
E P behavior pattern not only 
Tanes oe appropriate response be 
a daptive ut other inappropriate or non- 
fabs, san ones must be extinguished." 
attempt fai therefore, that the 
ES shan o provide an explanation of 
occurs ig vote which response extinction 
Canem A present a strategic area of 
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When th ae strength was observed 
ese $s in subsequent performance of 
cation w approaching the empty goal 
Control vii Sea compared with that of 
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xtinction experience. The pro- 
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ormulated of the extinction process 


cedure whereby an animal is introduced 
directly into an unbaited goal location 
after having acquired a response instru- 
mental in securing a reward object previ- 
ously contained in that location will be 
referred to as “latent extinction.” While 
some investigators have questioned the 
effectiveness of this procedure (9, 37), 
others (10, 11, 23, 29, 32, 38) have 
demonstrated conclusively, in several 
different learning situations, that latent 
extinction does produce a decrement in 
the strength of the response to be elimi- 
nated. The fact that latent extinction 


has proven effective in this respect has 


been considered embarrassing to the S-R 
since the impli- 


reinforcement theorist, 

cation appears to be that “. . . all that 
seems necessary for extinction is for the 
organism to perceive the absence of re- 
inforcement” (12, p- 62). It is the pur- 
pose of the present paper to attempt to 
interpret the effects of latent extinction 
jn a manner consistent with an S-R 
theoretical approach and, on the basis 
of this jnterpretation, to suggest hy- 


otheses for further empirical study. It 
should be emphasized that the term “la- 
tent extinction” will be used throughout 
to denote 2 particular experimental pro- 


cedure and not a process oF a state of 


anism. 
te tent extinction has been employed 
primarily in two essentially different 
situations. The situation we will here- 
after refer to as e I was designed to 
the effect of latent extinction 
ngth of a previously estab- 
lished instrumental response. The Type 
I situation involves training an anima 
to traverse 4 straight alley or acquire a 
position habit in a maze in order to ob- 
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i ard object. Following train- 

ee 2 et is placed lay tens 
the goal location in the absence of the 
reward object for a predetermined pe- 
riod (latent extinction) _after which 
“regular” response extinction is admin- 
istered. The effect of latent extinction 
in reducing the strength of the in- 
strumental response is indexed by the 
number of trials required to reach an 
extinction criterion. An experiment re- 
ported recently by Deese (11) serves 
to illustrate the Type I procedure. 
Deese trained rats to a position habit 
in a U maze with food as the reward. 
Following the termination of training, 
the experimental Ss were placed in the 
now empty goal location for four 1-min. 
periods. When these Ss were subse- 
quently run to extinction, they yielded 
a significantly smaller Proportion of cor- 
rect responses than control Ss that had 
not received the latent extinction experi- 
ence. Deese’s results indicate that a re- 
Sponse can be weakened by placing S 
in the goal location without the pres- 
ence of the reward object and that 
therefore, in at least some learning 
situations, Performance is not a neces- 
sary condition for extinction. 

The procedure that we will hereafter 
refer to as Type II is concerned with 
the effect of latent extinction on the ca- 
pacity of secondary reward stimuli to 
mediate the learning of a new response 
in the absence of primary reinforcement. 
The training employed in the Type IT 
situation involves the use of differential 
reinforcement in a straight alley. By 
means of this technique, the cues in the 
baited goal box come to acquire sec- 
ondary reward value while those of an 
unbaited goal box of a different color do 
not. Following the termination of train- 
ing, the animal is given latent extinction 
which, as in the Type I situation, con- 
sists of introducing him directly into 
the positive goal box in the absence of 

the reward object. The two goal boxes 


are then placed on a T maze and the 
number of choices to the side of the 
maze containing the positive goal box is 
taken as an index of the effect of latent 
extinction on the capacity of secondary 
reward stimuli to mediate new learning. 
The results of a recent experiment by 
Moltz and Maddi (33), to be discussed 
in detail below, attest to the efficacy of 
latent extinction in reducing the ac- 
quired reward value of previously neu- 
tral stimuli. 


II 


An expectancy theory of extinction 
(44) encounters little difficulty in ee 
viding an interpretation of the effects o 
latent extinction, since it places no spe- 
cial requirement on the response to be 
eliminated. All that appears necessary 
to decrease an animal’s readiness to re- 
spond in accordance with an established 
expectancy is to change the relationship 
between environmental objects, and to 
allow the animal to experience the mew 
relationship on one or more occasions. 
Since the acquisition of a new cognitive 
pattern only requires that S, when mo- 
tivated (45), experience stimulus events 
in spatial and temporal contiguity, Te- 
sponse performance as such is not made 
a necessary component of the extinction 
process. Thus placing S directly into 
the goal location, and permitting him 
to observe that the reward object is 20 
longer present, should weaken his previ- 
ously acquired Cognition concerning the 
character of the goal location. AS 2 
Consequence, he will show a decreased 
tendency to respond in accordance with 
this cognition, 7 

Hull’s inhibition theory of extinction 
(21), on the other hand, encounters & 
great deal of difficulty in providing an 
explanation of the effects of latent ex- 
tinction (especially when latent extinct- 
tion is employed within the framework 
of a Type I situation), since the pas 
formance of the response to be elimi- 


Rad 


FRACTIONAL ANTICIPATORY RESPONSE MECHANISM 231 


nated is considered a necessary com- 
ponent of the extinction process. Re- 
active inhibition (ZR) and conditioned 
inhibition (S/R), which are assumed to 
Produce extinction by jointly opposing 
reaction potential (SER), develop only 
K the course of response performance. 
riis implies that either the response to 
rs eliminated or some other response 
tom which extinction effects can gen- 
aa must be performed before extinc- 
exit can take place. Since the latent 
april Procedure does not require 
be Pn anal perform the response to 
ok iminated, it could not produce an 
op ‘ase in the inhibitory factors that 
aes reaction potential, and conse- 
Shans ly could have no effect upon re- 
that oF strength. But while it is clear 
theor ull’s response-induced inhibition 
Pra of extinction requires the per- 
he ae of the response to be elimi- 
ie ee is thus not adequate to ac- 
ul or the effects of latent extinction, 
such S general behavior theory makes no 
Panes ae aii, In a series of early 
nlored. (15, 16, 17, 18, 19, 20), Hull ex- 
er of the possibility of applying a num- 
plex , ae eeoey constructs to com- 
teasonir avioral relationships in which 
Dose cere insight, knowledge, and pur- 
these Ppeared to be operative. One of 
Ming ot fractional antici- 
Quent goal response—was used subse- 
range y ; by others to mediate a wide 
ple ia ie phenomena. For ex- 
e avior endler’s analysis of switching 
diation h (25, 26, 27) and Osgood’s me- 
on the eg pothesis (35) both rely heavily 
tional bee lanatony capacity of the frac- 
lowing eee, response mechanism. 
arly thee the leads contained in Hull’s 
43 i Oretical article, Spence (40, 41, 
®tous a ded a somewhat more Tig- 
™echanisn t of the role played by this 
B28 Chote the acquisition of a t- 
Roice response, and has used this 

ysis to į , and has u 
anq ata integrate latent-learning data 
Concerned with the acquisition 


of opposed spatial responses under the 
simultaneous presence of hunger and 
thirst. It is the opinion of the present 
author that the fractional anticipatory 
goal response possesses the deductive 
potential necessary to mediate also an 
interpretation of latent extinction data 
that is consistent with an S-R reinforce- 
ment approach. 

Spence has suggested (40) that, as 
a function of differential reinforcement 
during training, the stimulus traces of 
the cues in the positive goal box and 
those in the alley leading to it become 
(classically) conditioned to the goal 
response (e.g., eating or drinking). 
Through generalization, cues at the en- 
trance to the correct alley acquire the 
capacity to evoke that fractional com- 
ponent of the goal response (r) not 
in conflict with the overt acts of the 
behavior sequence. This component 
produces a characteristic proprioceptive 
stimulus (sọ) which in turn becomes 
conditioned to entering and continuing 
locomotion in the alley leading to the 
positive goal box. Through the acquisi- 
tion of this associative connection, Sy 
becomes a component of the habit 
strength determining the instrumental 
response. It has also been suggested 
that “through the intensity of its trace 
which . . . increases with the increased 
strength of 77 as the latter becomes more 
strongly conditioned, sy determines the 
non-associative factor K” (incentive mo- 
tivation) (40, P- 273). Spence implies 
that the magnitude of this nonassocia- 
tive component is an increase pg 

‘c function of the intensity of ss- 
tome in turn, is assumed to 
Since the latter, 2 > f 

itively with the strength o: 

covary Pos 
jables as the amount of 
Tg such vari ae 

A d the delay of rein 
reinforcement an rect th 

(which presumably affect the 
a role in determin- 


If it is recalled that 
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where | 
M=f}(K+V+D), 


it can be seen that r, and its charac- 
teristic proprioceptive cue determine the 
excitatory strength of the correct re- 
sponse by contributing a component to 
S#R and also by determining the value 
of K? fee 

But while the fractional anticipatory 
goal response has been considered by 
some students of learning to be a con- 
struct that possesses a great deal of ex- 
planatory fertility, it has been consid- 
ered by others as an ad hoc device de- 
signed to rescue the S-R theorist from 
embarrassing experimental data, Koch, 
for example, maintains that: 


Among the potentially most fruitful items in 
Hull’s bequest to the future are the many in- 
genious “peripheral” mechanisms which were 
elaborated in the first instance, in his earlier 
theoretical articles... . It is likely that con- 
cepts of this order point to factors which 
must be ultimately taken into account by any 
theory of behavior . , . (28, pp. 164-165). 


On the other hand, Meehl and Mac- 
Corquodale write that “, |. fg at pres- 


ent... is as readily available a dens 
ex machina for nonexpectancy theorists 
as the concepts of ‘attention,’ ‘empha- 
sis,’ or ‘perceptual threshold’ are for 
Tolman” (31, p. 232). Since 7, ap- 
pears to enjoy a somewhat ambiguous 
epistemological Position, it would be 
well to clarify its meaning before at- 
tempting to provide an interpretation 
of the effects of latent extinction, 

The use of a theoretical construct de- 
noting a nonobservable response process 
carries with it the responsibility of pro- 


The additive relationship between V, K, 
and D presented here is consistent with 
Spence’s latest formulation (42). Following 
Hull, Spence had earlier postulated a multi- 
plicative relationship between these factors, 
the implication being, of course, that if any 
one of them is reduced to zero the excitatory 
strength of the instrumental response would 
also be reduced to zero. 


viding a set of symptom relations by 
which the construct in question can be 
coordinated with observable events. A 
number of such reductions to data lan- 
guage is essential if the construct is to 
acquire univocal intersubjective refer- 
ence, and if it is to be integrated with 
other constituents of the theoretical sys- 
tem in which it functions. One way in 
which a set of reduction symptoms can 
be provided for ry is to conceive its re- 
lation to certain antecedent manipulable 
variables to be the same as that of any 
other molar response with which con- 
temporary behavior theory has been 
concerned (e.g., bar pressing, spatial re- 
sponses, salivation, etc.). This concep- 
tualization implies that such variables 
as, for example, number of reinforced 
trials, quality and magnitude of the re- 
ward object, and hours of deprivation 
will exert the same effect on the strength 
of ry as they have been found to exert 
on the strength of these molar responses. 
Once the relations postulated to hold 
between 7, and certain experimental pa- 
rameters are Clearly set forth it becomes 
Possible to specify the effect upon 7g of 
variations in the value of any one of 
these parameters. However, it should 
be emphasized that, since 7, is an in- 
ferred response and as such does not 
Possess a directly observable element, 
evidence relevant to variations in the 
strength of r, can be obtained only by 
examining the overt behavior of the or- 


ganism under Certain sets of experimen- 
tal conditions, 


Il 


The Type I situation. Consider: the 
situation in which an animal is required 
to turn right in a T maze to obtain 4 
reward object relevant to an existent 
need state. When the excitatory tend- 
ency of the cues in the right alley to 
evoke a right turn becomes greater than 
that of the cues in the left alley to evoke 
a left turn, the animal will respond 


aE 
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ea chance expectancy in the direction 
A T P location. An important fac- 
Sec et in the growth of the cor- 
eam potential (SER,) is the 
Es vi in habit strength (SER) result- 
D E each reinforcement. However, 
during ae is repeatedly reinforced 
oes SER. course of training, not only 
in additi a approach its asymptote but, 
Fose (is the overt consummatory re- 
Ce ye deers to the reward object 
strongl ing or drinking) becomes more 
iaces A conditioned to the stimulus 
Onthe Fhe cues in the goal location. 
easonaBI asis of the latter it appears 
aG SON assume that when latent 
terminati is administered following the 
the zie of training, that component 
can ie amatory response which 
object (i in the absence of the reward 
cues to ug 7) will be evoked by the 
Previous} ich its molar counterpart was 
are ai conditioned. Since these cues 
tinction ay present during latent ex- 
will be aa would be expected that 7, 
each iia oe, and repeatedly evoked; 
ig extinction “trial” providing 
Now if asions for its free repetition.’ 
Process H is conceived as a response 
laws Be at obeys the same behavioral 
Would fol molar systems, then it 
reinforced on that these successive non- 
arp red emissions of rọ will produce a 
With reg uction in its response strength 
If ai ect to cues in the goal location. 
choice cues are similar to those at the 
„ Point, and if delay of reward 


Uurin 

ig mi 

TA ee was at a minimum, the 
eadi] effects of r, will generalize 


yt z 
vior , antedating segments of the 
pt e p uence, so that at the start 
“liciteg go trials ry either will not be 
oo the choice point or will be 
Dron. Hure 
of viding ae Conceive of latent extinction as 
(14)? leq Gl Occasions for the free repetition 
o t to ea nin; Nachmias, and Neisser 
Ment, interpret the possibility of employing 
ant hich the results of those experi- 
a Type I procedure was use? 


elicited with greatly reduced excitatory 
potential. If latent extinction is effec- 
tive in reducing the strength of r, to 
the extent that it is subsequently not 
available at the choice point, then sy, 
of course, will also not be available, and 
the associative connection established 
during training between sy and the in- 
strumental response will no longer con- 
tribute to the habit strength of that 
response. As a consequence of the 
withdrawal of this component of habit 
strength, the organism will manifest a 
decreased tendency to enter the correct 
alley during the test trials. 

But assume that rọ was not com- 
pletely extinguished during the latent 
extinction period, and that at the start 
of the test trials the cues at the choice 
point still possessed some excitatory 
tendency with respect to 7. Even if 
latent extinction only reduced this tend- 
ency, a decrease in the strength of the 
established instrumental response would 
nevertheless be expected. It will be re- 
called that the incentive motivational 
factor K was postulated to be a nonas- 
sociative component of S*Ra. Since the 
relationship between K and Sy 18 aS 
sumed to be monotonically increasing 
and, furthermore, since the intent z 
sy is a direct function of the rg evo ae 
it would follow that any decrease 10 : 
strength of 7g will reduce the value © 


a n 
is reduction of K will, in turn, r 
ae potential mediating 


nse, as & Te- 
t a roach responst, 
the correct app! n a will show & a 


enter and continue 
‘on in the alley Jeading to the 


box. R 
n. The expen- 
we have labeled 
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between these procedures arises with re- 
spect to the responses with which they 
deal following the latent extinction pe- 
riod. It will be recalled that while the 
Type I procedure is concerned with the 
effect of latent extinction on the strength 
of an established response, the Type II 
procedure is concerned with the capacity 
of goal-box stimuli that have acquired 
secondary reward value to mediate the 
learning of a new response after latent 
extinction has been administered. It is 
to the latter procedure that we now turn 
our attention. 

Consider the experimental situation in 
which an animal is trained to traverse a 
straight alley in order to obtain a re- 
ward object relevant to an existent need 
state. A differential reinforcement tech- 
nique is employed by which, on a given 
number of trials, the animal Tuns to a 
white goal box that contains the reward 
object, while on the remaining trials he 
Tuns to an empty black goal box. By 
the principle of secondary reinforcement 
the cues in the white goal box will ac- 
quire reward value as a function of their 
association with the reinforcement situa- 
tion. Hull (21, 22) suggested the frac- 
tional anticipatory goal response and 
its proprioceptive cue as providing the 
mechanism underlying the acquisition of 
secondary reward Properties. The role 
that r, plays in this respect develops by 
virtue of its intimate association with 
the reinforcement situation, this asso- 
ciation establishing Sp asa secondary 
reinforcer. In order for any neutral 
stimulus to acquire reward value it 
must acquire the Capacity to elicit fy 
either by being conditioned to r, di- 
rectly, as in the case of stimuli that are 
spatially and temporally contiguous with 
the receipt of the reward object, or 

through generalization, as in the case of 
stimulus events that are similar to those 
actually conditioned. Hull further sug- 
gested that a stimulus that has acquired 
reward value will retain that value as 


long as it retains the power to evoke fg: 
It would appear reasonable on this basis 
to assume the acquired reward capacity 
of a stimulus to be some positive func- 
tion of the strength of the r, to which 
it is conditioned, and for any subsequent 
reduction in this strength to decrease 
the reinforcing value of the stimulus. 
Now with respect to the experimental 
situation being considered, assume that 
following training the positive and nega- 
tive goal boxes are placed on opposite 
arms of a T maze, and that the animal 
is given a number of free trials in the 
absence of the reward object. When he 
first responds correctly and enters the 
Positive goal box, r, will be evoked by 
those stimuli to which it was condi- 
tioned during the course of training. 
As a result of the evocation of Tg; and 
the presence consequently of s, with its 
reinforcing capacity, there will occur an 
increment in the excitatory potential of 
the correct response. As long as 7, con- 
tinues to be evoked in the positive goal 
box, the correct response will be rein- 
forced and will increase in strength rela- 
tive to the incorrect response. But the 
excitatory potential of the correct re- 
sponse will not continue to increase un- 
abated until some asymptotic value is 
reached. Since the reward object is not 
Present during the maze series, the emis- 
Sion of 7, in the Positive goal box fol- 
lowing each correct choice will reduce its 
response strength, as a result of which 
the intensity of Sg and hence the mag- 
nitude of available secondary reinforce- 
ment will decrease Progressively. When 
the stimuli in the positive goal box no 
longer elicit a threshold value of 7,, the 
excitatory potential of the correct re- 
sponse will begin to decrease, so that 
after several trials the animal will cease 
to respond correctly in excess of chance. 
Now assume that latent extinction is 
administered at some time between the 
termination of straight-alley training and 
the beginning of the maze trials. For 
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ons presented in connection with the 
a Ji one placing an animal in a 
eed baited goal box provides the 
tions o the free nonreinforced repe- 
Rea of 75, each such repetition re- 
of me s response strength. Because 
ing a role that s, plays as a reinforc- 
i es it would be expected that, as 
lige of ry decreases during the 
rs o pe extinction, the intensity 
P a hence the secondary reward 
Créase Setor stimuli, will also de- 
latent ; epending on the duration of 
other a and the presence of 
E Ether, ei to be discussed below, 
ive goi n lnot be elicited in the posi- 
latent ae at the termination of the 
elicited ot ng period or it will be 
Potential 1 : greatly reduced excitatory 
pletely aes n the event that 7, is com- 
ae a rg tea with respect to goal- 
reinforcemne there will be no secondary 
sequent] ay available to mediate sub- 
sponse “a t e learning of a choice re- 
if the tras maze. On the other hand, 
Sen dian, strength of r, had not 

ee ated but had been reduced to 

Pinte e teshold value, then ry will 
the may Ompletely extinguished early in 
that ma series. In any case, animals 
Would ne ea given latent extinction 
ten dency : e expected to show a strong 
fading to © choose the arm of the maze 
Pare i Positive goal box, as com- 
Undergo control animals that had not 
ence, ne the latent extinction experi- 


B 
p ator Eei loying the fractional antici- 
r consis Sponse mechanism in a man- 
the neg stent with the requirements of 
Was evp aVioristic system in which it 
Provi e Sloped, we have been able to 
: ent e interpretation of the effects 
tne oe ee in both the Type I 
ne etica = situations. Within the 
ree Ssary tamework employed it was 
Pea edl only to assume that 7% ÍS 
ion, ne A evoked during latent extinc- 
that, as a consequence of this 


repeated evocation, 7, either becomes 
completely extinguished with respect to 
cues in the goal location or that a sharp 
reduction in its response strength occurs. 


IV 


The value of a theoretical construct 
should be measured not only in terms 
of how well propositions involving that 
construct explain available data but also 
in terms of the extent to which these 
propositions generate novel (i.e. not 
previously formulated) functional rela- 
tionships. It must be determined, there- 
fore, whether the fractional anticipatory 
response mechanism as employed in the 
present analysis is capable of mediating 
predictions concerning the influence on 
behavior of certain selected variations 
in both the Type I and Type II situa- 
tions. Unless the present analysis pos- 
sesses a prospective reference, proposi- 


involving 7, have no value other 
ding an eco- 
estab- 


tions 
than as vehicles in provi 


nomical description of already 
lished empirical relationships. While 
such descriptions play an important role 
in science, the constructs involved func- 
tion simply as analytic devices whose 
systematic significance is limited to fur- 
nishing summary statements of observed 


facts (5). 
On the basis 


effect of latent ex 


of our analysis of the 
tinction on the strength 


of r, we can specify the following gen- 
eral hypothesis: Latent extinction will 

the excitatory strength of an in- 
sae to the extent that it 


umental response 
ee itatory strength of Yg 


reduces the exicitator. ngih of | 
Following from this 1s the implication 
troduced, during 


+: a variable is in 
pastel that increases the de- 


t extinction, 
ar o which 7% is weakened, a greater 
subsequent molar perform- 
f latent extinction 


r than i } 
in the absence of this 


e recalled that 7» was 
tical response 
to observable 


gree t i 
decrement m 
will occu 
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antecedent events was assumed to fol- 
low the same behavioral laws as molar 
responses like bar pressing and saliva- 
tion. This implies that all those ex- 
perimental operations that have been 
demonstrated to reduce the strength of 
a molar response should affect similarly 
the strength of rg. Since empirical evi- 
dence appears to indicate that reduc- 
tion in the strength of these molar re- 
sponses occurs as a monotonic increasing 
function of the number of nonreinforced 
evocations, it would follow that the more 
frequently 7, is evoked during latent ex- 
tinction the greater will be the reduction 
in its response strength. On this basis 
we would be led to expect latent extinc- 
tion to produce a pronounced decrement 
in subsequent molar performance under 
those experimental conditions that pro- 
duce a rapid rate of emission of fg dur- 
ing the latent extinction period. We 
turn now to consider some of these con- 
ditions. 

Variations in the strength of the rele- 
vant drive. The results of several stud- 
ies have indicated that the higher the 
level of a relevant (rewarded) drive 
during a series of extinction test trials 

the greater the rate of response evoca- 
tion. For example, Jenkins and Daugh- 
erty (24) have shown that following 
training an increase in drive strength 
will result in the more frequent emis- 
sion of a nonreinforced pecking re- 
sponse, while Skinner (39) has pre- 
sented evidence confirming this relation- 
ship with respect to bar Pressing. On 
the assumption that 7, obeys the same 
behavioral laws as these responses, we 
would expect a higher drive level dur- 
ing latent extinction to result in a 
greater increase in the number of non- 
reinforced evocations of r,.5 On this 
basis the following hypothesis can be 
specified with reference to the Type I 


5 The relation between drive strength and 
response evocation also follows readily from 
Hull’s 1943 (21) and 1952 (22) postulate sets, 
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situation: If after being trained to a po- 
sition habit in a T maze under identical - 
motivational conditions, one group of 
animals is given latent extinction under 
a high drive and another group under 
a low drive, the high-drive group will 
show a greater decrease in the tendency 
to choose the previously baited goal box 
when both groups are again run under 
the motivational level that prevailed 
during acquisition. A recent experi- 
ment by Pliskoff (36) is relevant to the 
present hypothesis. Animals under 8 hr. 
of food deprivation were trained in the 
performance of a T-maze turning re- 
sponse, after which latent extinction was 
administered under either 0, 8, or 22 hr. 
of hunger. When the extinction test 
trials were subsequently run under ac- 
quisition conditions it was found, in ac- 
cord with expectation, that on the first 
test trial the 22-hr. group chose the 
Previously correct side of the maze less 
often than the 0-hr, group. This result 
Suggests a relationship between drive 
level during latent extinction and re- 
duction in the strength of a previously 
established response. 

The assumption concerning the rela- 
tion between drive strength and rate of 
emission of 7, is also relevant to the 
Type II situation. It will be recalled 
that the acquired reward capacity of a 
neutral stimulus was assumed to be 
Some positive function of the excitatory 
strength of the +, to which that stimulus 
was conditioned. This implies that if 
increasing the drive level during latent 
extinction serves to increase the num- 
ber of Nonreinforced emissions of Tg 
(and thereby to decrease the strength 
of the latter with respect to goal loca- 
tion stimuli), then there should be a 


more pronounced reduction in secondary 
reward value the more intense the drive 
level under which 1 


tee atent extinction is 
administered. Evidence supporting such 
a hypothesis was re 


Ported recently by 
Moltz and Maddi (33). They employed 


-— sg — 
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; differential reinforcement technique 
span training which consisted of run- 

ing animals in a straight alley to a 
goal box of one color on rewarded trials, 
and to a goal box of a different color on 
nonrewarded trials. While all Ss were 
pecen the same hunger drive schedule 
Sng training (22 hr.), they were un- 
T ae 0-, 22-, or 44-hr. drive at 
Le eginning of the latent extinction pe- 
zA . The test trials were subsequently 
ee in a T maze, with all Ss again on 
Se same hunger deprivation schedule 
eee during training. It was found 
ie the mean number of responses (in 
as choices) to the side of the maze 
eas ae the positive goal box was 
ee .10, and 6.30 for the 0-, 22-, and 
silts | groups, respectively.” These re- 
ea a in accord with theoretical ex- 
ship zon; since they indicate a relation- 
ee etween motivational level during 
A extinction and the capacity of 
i location stimuli to mediate subse- 

ed the learning of a new response. 
‘as ea in the strength of an ir- 
th Hae drive. Hull has proposed that 
a ive strength available at any given 
RH “a is a function not only of the 
atin. which the goal object in the 
es ion is appropriate but also of all 
tive vant (nonrewarded) drives opera- 
E the time. It is the total need 
eee consisting of both relevant and 
er drives, that is assumed to 
a ine with SÆR (in addition to the 
a ie factors V and K) to de- 
cini ine excitatory potential. In Prin- 
a es of Behavior (21) Hull stated as 
oh sey that, with the number of re- 
D cements held constant, response 

ength will increase as some positive 


6 

tea F ratio for the difference between 

1, rive levels was significant well below 

formance significant difference in maze per- 

Which ce was found between control groups 

Which Were not given latent extinction but 
were made differentially hungry during 


the 
latent extinction period. 


function of the magnitude of an irrele- 

vant drive. ` 
Webb (46) reported the results of a 
study designed to determine the role of 
an irrelevant drive (thirst) in activating 
a habit structure when the drive under 
which the habit was originally developed 
(hunger) was satiated. He found the 
strength of a panel-pushing response to 
be approximately an increasing linear 
function of the intensity of the irrele- 
vant drive. Brandauer (6) subsequently 
confirmed this relationship, using a dif- 
ferent operant response. Since we have 
assumed that r, follows essentially the 
same behavioral laws as most molar re- 
sponses, we appear to be in the some- 
what uncomfortable position of having 
to propose that 7g appropriate to a 
relevant hunger drive will increase in 
strength in approximately linear fashion 
with increases in the magnitude of an 
irrelevant thirst drive. However, the 
implications of a theory or of a postu- 
late are determined not only by the re- 
lations or laws specified but also by the 
conditions operative in the experimental 
situation to which these relations Or 
laws are applied. As a case in point, 
consider the situation into which there is 
introduced an irrelevant need that pro- 
vides a drive stimulus which elicits re- 
sponse incompatible with a previously 
established criterion response. Under 
such conditions it would not appear rea- 
sonable to expect the strength of the 
criterion response to increase as the ir- 
relevant need becomes more intense. In- 
deed, only when conflicting habit tend- 
encies are not activated would a cri- 
terion response, whether it be “molar” 
» be expected to increase 


or “molecular, p l ? 
with increases in the intensity of an ir- 


relevant drive stimulus. - 
The results of several studies (1, 2, 


7, 13) in the area of secondary motiva- 
tion provide evidence in support of this 
contention. For example, Amsel and 
Maltzman (3) have shown that, when 
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siety is added to-an existing motiva- 
tional catislex, the strength of a previ- 
ously established consummatory (drink- 
ing) response will increase if the ex- 
perimental situation is arranged so that 
responses conditioned to the irrelevant 
anxiety-drive stimulus (e.g., crouching, 
face washing, escape responses, etc.) 
cannot compete with the drinking Te- 
sponse. On the other hand, if the situa- 
tion is arranged so that response com- 
petition is permitted, the rate of drink- 
-ing will be sharply reduced. These 
results, in addition to those provided by 
Kendler (26) concerning the “incom- 
patibility” of fractional anticipatory eat- 
ing and drinking responses, make it ap- 
pear reasonable to assume that antici- 
patory drinking responses (79d), when 
instigated by an irrelevant thirst drive, 
will compete with anticipatory eating 
responses (7%e), and Consequently wil] 
decrease the rate of emission of the lat- 
ter.” Following from this is the impli- 
cation that after training under moder- 
ately intense hunger, the stronger the 
thirst drive that is subsequently intro- 
duced (thereby increasing the strength 
of 79d) the greater the reduction in the 
tate of evocation of se. 

This analysis generates an important 
deduction with respect to both the Type 
I and Type II situations. Assume that 
an animal learns to approach a distinc- 
tive goal location under moderately in- 


T On the assumption that anticipatory drink- 
ing responses are in some manner “incom- 
patible” with anticipatory eating responses, 
Kendler has attempted to explain what he has 
called the switching phenomenon, Hie, E ii 
the tendency of rats after learning to go to 
one end of a T maze to obtain dry food to 
switch their spatial responses when made 
thirsty” (26, p. 179). He tested several de- 
ductions based on this assumption, one of 
which was that the conflict between r,e and 
r,d would be intensified (and hence the 
amount of switching increased) when S is 
shifted to a strong as compared with a weak 
thirst drive. The results obtained were con- 
sistent with this deduction. 


tense hunger, and that as a function of 
this training the cues in the goal loca- 
tion acquire a strong excitatory tend- 
ency with respect to 7%e. If latent ex- 
tinction is administered subsequently 
under both hunger and thirst, the pres- 
ence of incompatible anticipatory drink- 
ing responses should reduce the number 
of nonreinforced evocations of re; this 
reduction being greater the more intense 
the thirst drive. On this basis, and on 
the basis of the previously formulated 
assumption concerning relation between 
rate of emission of 7, and the influence 
of latent extinction on molar perform- 
ance, we can state the following general 
hypothesis: If an organism is trained 
to acquire a response under moderately 
strong hunger but with ad libitum con- 
Sumption of water, the effectiveness of 
latent extinction in reducing the strength 
of this response will decrease as the in- 
tensity of thirst during latent extinction 
increases. More specifically, in the Type 
I situation we would expect that if, after 
learning a position habit under 22 hr. 
of hunger, one group of animals is given 
latent extinction under the same hunger 
drive but in conjunction with 3 hr. of 
thirst, and another group in conjunc- 
tion with 22 hr. of thirst, the latter will 
Yield significantly more responses to ex- 
tinction when the motivational complex 
of both groups is subsequently made 
identical with that which prevailed dur- 
Ing acquisition, . 

Since the relation between intensity 
an irrelevant thirst drive and the rate 
of emission of 77e would be expected to 
obtain in a Type TI situation as well; 
we may also state the following by- 
Pothesis: After an approach response tO 
food is established under moderately 1n- 
tense hunger, a greater reduction in the 
acquired reward value of goal location 
stimuli will occur if, in conjunction with 
the prevailing hunger drive, latent ex- 
tinction is administered under 3 hr. of 
thirst as compared with 22 hr, of thirst- 


of 
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Unfo: 5 
ints re der as ac 
OF to the hy = er to this hypothesis 
—— hi esis formulated with 
Ol exact e Type I situation. Sev- 
Peace a are, however, being 
the fies in the writer’s laboratory in 
dive fae to determine the role of 
tions eraction during latent extinc- 
ath immediately prior to latent 
nction. In the presence of the ap- 
ee drive state, a reward object 
a which an animal has had previous 
i en will serve typically as an “un- 
ie itioned stimulus for the consum- 
oe, response, in the sense that the 
ce will be regularly elicited when 
Socata object is presented. Since 
7 as been conceived as a hypothetical 
process representing a fractional com- 
oe of the consummatory response, 
appears reasonable to assume that 7, 
Pes this functional characteristic 
On P with its molar counterpart. 
h A basis we would expect that, 
fati ; primary drive state remaining 
ie ee the frequency with 
3 Tg ÍS evoked will increase during 
: Period following consumption of an 
1 oA beat goal object. However, if a 
a ge amount of reward is consumed, 
en in the primary drive state 
bg d occur which, in turn, might off- 
the or prevent entirely an increase 1n 
oe of emission of 7,. On the other 
se” a small amount of reward, while 
stat appreciably modifying the drive 
thi e, might not be sufficient to effect 
S increase. Presumably there is an 
Optimal amount of reward that would 
Produce the desired result. With re- 
pect to food as the reward object, ex- 
mn evidence reported by Maltz- 
A (30) indicates this amount to be 
wh in the range of 1000 to 2000 mg. 
en the animal is under a hunger drive 
in col- 
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of approximately 22 hr.° On the basis 
of Maltzman’s results, we would be led 
to expect that if, after training under 
hunger motivation, an animal is fed 
about 1500 mg. of food 20 sec. prior to 
Jatent extinction, an increase in the 
rate of emission of r, will occur during 
the latent extinction period. This in- 
crease jm rate of emission will, accord- 
ing to the present analysis, produce a 
marked reduction in the strength of Tp, 
as a consequence of which latent ex- 
tinction should be more effective in re- 
ducing subsequent molar performance. . 
Thus in the Type I situation it would 
be expected that if latent extinction is 
preceded by the ingestion of a reward 
object appropriate to the prevailing 
drive state, a greater decrement in the 
strength of the established instrumental 
response will occur, while in the case of 
the Type II situation a greater decre- 
ment in the acquired reward value of 
goal location stimuli would be expected. 
The hypotheses that have been pre- 
sented in the present paper have been 
concerned with the relation between cer- 
tain experimental variables introduced 
during latent extinction and the rate of 
emission of 75. Further experimental 


work and theoretical analysis might also 
termining whether 


be directed toward de 

variations in molar performance follow- 
ing latent extinction can be ascribed to 
other parameters of ry function. In 
addition, the effect of latent extinction 
might also be investigated with regard 
to the influence of such training pa- 
rameters as the quality and magnitude 
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THE CELL ASSEMBLY: MARK II? 


P. M. MILNER 
McGill University 


The purpose of this paper, 25 oh 
implies, is to suggest a revision o 
ea nS. that Hebb (5) has 
called a “cell assembly.” The cell as- 
sembly plays a fundamental role in 
Hebb’s behavior system, especially in 
his admirable treatment of perceptual 
learning, but the proposed changes are 
not intended to affect these psychologi- 
cal implications of the construct; they 
are aimed, rather, at making the under- 
lying neural processes more explicit. As 
Hebb has mentioned (8), he tried to 
limit himself to using only known, or 
highly probable, properties of neurons 
in setting up his model; but it is clear 
that these soon proved to be inadequate, 
and he then had to introduce ad koc 
mechanisms to explain how such arti- 
ficially simplified elements could com- 
bine to produce the observed molar be- 
havior. We can now see that from 
many standpoints the theory would have 
been better if the additional postulates 
had been introduced at the neural level, 
where they could have been more easily 
evaluated and tested; but on the other 
hand, such a theory might never have 
been given a hearing. 

There is little doubt that flaws exist 
in the arguments Hebb uses to derive 
the molar properties of his construct. 
As will be shown below, if we try to 
operate with only those properties and 
connections of individual neurons that 


1The writer wishes to acknowledge the in- 
fluence on this paper of many helpful argu- 
ments with his colleagues at McGill, especially 
those with Drs. James Olds and Seth Sharp- 
less, and with Professor D. O. Hebb. The pa- 
per was written while the author was receiv- 
ing support from the Foundations’ Fund for 
Research in Psychiatry, and from the Ford 
Foundation, 


Hebb considered respectable, the behav- 
ior of the resulting network is incom- 
patible with that required for the cell 
assembly. Some of the inconsistencies 
can be eliminated simply by taking into 
account neurophysiological discoveries 
made during the last ten years, but in 
order to derive a system having any- 
thing like the characteristics required 
for the cell assembly it will be neces- 
sary also to invoke a number of purely 
hypothetical neural processes. 

As far as can be ascertained from 
The Organization of Behavior (5), only 
four factors are considered to determine 
whether a cortical neuron will fire: (2) 
the number of impulses bombarding the 
neuron from all sources during the few 
milliseconds in which temporal summa- 
tion is assumed to take place; (b) the 
“strength” of the synapses concerne! 
(the strength of a synapse may increase 
beyond its native value in accordance 
with the provisions of a learning postu- 
late); (c) whether the neuron is refrac- 
tory; and (d) by implication at least, 
the effect of neural fatigue. In the net- 
work that Hebb postulated as a model 
of the cortex, neurons with the above- 
Mentioned properties are randomly in- 
terconnected, each neuron having effer- 
ent and afferent connections with many 
others. Some of the neurons can be 
fired by sensory input. 

Such a network is somewhat analo- 
gous to the nuclear fission reactor. In 
that machine a neutron may either in- 
duce a fission, in which case it releases 
several new neutrons, or it may be ab- 
sorbed or lost without releasing any 
other neutrons, If the neutron flux in 
the machine is to remain constant, all 
the neutrons released at a fission must 
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aes except one. For stable opera- 
ins 2 Ta words, the multiplication 
roduc o he average number of fissions 
Drevin: i the neutrons released at a 
‘tien A ssion) must be one. Like- 
A koe the cortical network, a fired 
Send rhe fire several others, or it may 
a eis: to refractory, fatigued, 
pte ee facilitated neurons and 
ib nc no further firing. If the aver- 
total oer fires one other neuron, the 
mi i ivity in the network will re- 

nstant. 

Pani oor is not quite complete, 
REA a the fission reactor the multi- 
eens actor is slightly reduced by an 
cortical in the neutron flux, but in the 
tue ee the opposite is 
ing ban, Ass nema factor increas- 
sults fro otal neural activity. This re- 
Wangs ais effect of summation at 
itself T When a neuron is firing by 
ot ee ia probability of its firing an- 
are firin mall; but when many neurons 
Vide a ea the same time, they pro- 
Other, and itatory background for each 
able to fir one of them may then be 
sends ince several neurons to which it 
Neurons ie Thus, the number of 
increase Pi by an average neuron will 

er of he Proportion to the total num- 
Which eo firing, a state of affairs 

l tee udes stable operation. In 
ion fact ar reactor, if the multiplica- 
Lop, X Should fluctuate to a value 
Teleaseq Ne few more neutrons will be 

incre an are lost, and the total flux 
iblicatz: at this higher flux the 
ion factor will be reduced 
Shoulg © one. If the same fluctuation 
fey heen in the cortical network, a 
enera] le, impulses will circulate, the 
i K ae of facilitation will rise, an 
til rt iplication factor will increase 
halt whe This increase will only be 

EM are ras all the neurons in the sys- 
ig wile as fast as their refractory 
res allow. Unlike the nuclear 

Ore, the cortical network has 
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only two levels of stable operation, “full 
on” and “full off.” Neither of these 
states fulfills the requirements of Hebb’s 
cell assembly. It is hardly necessary to 
add that the phase sequence, which is 
essentially a chain of associated cell as- 
semblies representing a “train of ideas,” 
bears as tenuous a relationship to the 
basic neural axioms as does the cell as- 
sembly itself. 

The fact that Hebb’s constructs are 
not rigorously derived is not as serious 
for the over-all theory as it might seem, 
because many of the more molar physio- 
logical principles that Hebb introduces 
are valid and important for the under- 
standing of psychological phenomena, 
irrespective of the exact neural mecha- 
nisms involved. Nevertheless, the pos- 
sibility of bridging the gap between the 
physiological and the psychological lev- 
els with a more substantial structure 
presents a fascinating challenge, espe- 
cially in view of the improvements made 
on the physiological side 


to the supports 
since The Organization of Behavior was 


written. 
A New Physiological Interpretation of 


the Cell Assembly 

In what follows it will be recognized 
that we are adopting Hebb’s descriptions 
of the cell assembly and the phase se- 
quence as far as their psychological 
properties are concerned, but instead of 


ing to reconcile these to a minimum 
aeti lified neural data, further 
ll be jntroduced in an at- 
i splicit relation- 
t to provide an exp: 1 
ship. between the constructs and their 


nts. 
oD he first additional postulate concerns 
hibition t the time when Hebb was 
nape many physiolo- 


developing 

pe trongly oppose 
à inhibition, large: e 
ot an A to ft into the electrical 
tic transmission. There 
s a fe Il inhibitory phe- 
wa all gate" 
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nomena could be explained by lack of 
facilitation, or by invoking the prin- 
ciple of refractoriness, and Hebb ee 
to have accepted this view. Since then, 
the work of Eccles (3) and others has 
provided a better understanding of syn- 
aptic transmission, and inhibitory trans- 
mission is’ now generally accepted. 

The processes underlying learning have 
still not been revealed by the neuro- 
physiologists, and to fill this lacuna 
there seems to be nothing against re- 
taining the postulate suggested by Hebb: 
“When an axon of cell A is near enough 
to excite a cell B and repeatedly or per- 
sistently takes part in firing it, some 
growth process or metabolic change takes 
place in one or both cells such that A’s 
efficiency, as one of the cells firing B, is 
increased” (5, p. 62). 

Another assumption that we shall 
make here is that the cell assembly 
involves mainly cortical neurons. It is 
to be understood, however, that connec- 
tions between cortical cells may often 
take place via cells in the thalamus, or 
other subcortical nuclei. In the model 
to be described, the fine-structure of the 
network has to be taken into account; 
Lorente de Nó’s beautiful diagrams of 
the cortex (11) are invaluable for this 
purpose. They reveal a complex verti- 
cal organization amongst the different 
layers, including one conspicuous circuit 
to which Lorente himself draws atten- 
tion. This is the return of collaterals 
from the long descending axons of some 
cells back to the region of the cell body, 
where they appear to end on Golgi type 
I, or similar short-axon cells. ' The 
Golgi cell axons proliferate in baskets 
around the bodies of the long-axon cells 
“. .. so that the discharge of the cell 
with a short axon results in powerful, 
practically simultaneous stimulation of 
a large number of other cells” (11, p. 
303). It might appear from this de- 
scription that the feedback circuit is ad- 
mirably suited to produce uncontrolled 
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Fic. 1. Diagram of the postulated connections 
of cortical neurons. 


epileptic discharge in the cortex, but 
recent microelectrode work by Eccles, 
Fatt, and Landgren (4) indicates that 
in the spinal cord, where a similar or- 
ganization of long and short-axon cells 
is to be found, the short-axon cells in- 
hibit the larger ones. It is likely that 
this is also true in the cortex. 

The following highly simplified or- 
ganization will therefore be assumed for 
the cortex (Fig. 1). Only two types of 
neuron are considered, those with long 
axons (having excitatory connections 
with other parts of the cortex or with 
the motor system), and those with short 
axons (which have local inhibitory con- 
nections). Those of the short-axon type 
receive impulses from the long-axon cells 
in their vicinity via recurrent collaterals, 
Which leave the main shaft of the axon 
near the inner layer of the cortex and 
return toward the surface. Apart from 
those in the sensory cortex, which re- 


ceive additional afferents from the sen- 


sory pathways, the long-axon cells re- 
ceive their in; 


put from two major sources: 
(a) from other cortical cells, either 
directly via Cortico-cortical association 
fibers, or indirectly by way of distribut- 
ing cells in the association nuclei of the 
thalamus; and (b) from the nonspecific 
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projection system, which will here be re- 
garded as a purely excitatory arousal 
system. This second source of afferent 
stimulation must play an important role 
in motivation, and it will be discussed 
in that connection later; for the mo- 
ment, it need only be ‘noted that we 
postulate that the facilitatory bombard- 
ment it provides is necessary for the 
conduction of impulses within the cor- 
tico-cortical network. 

It appears from Lorente’s diagrams 
(11, pp. 296, 298) that the long axons 
from the association cells branch and 
travel through the white matter to a 
number of different parts of the cortex. 
Each of these branches divides again as 
it ascends through the layers of the 
Cortex to synapse with other long-axon 
Cells. With this in mind, we can now 
Proceed to analyze the activity in this 
network in the way that we previously 
analyzed that of Hebb’s model. We 
shall start by assuming that no cortical 
cells are firing, but that there is a suffi- 
Clent facilitation from the nonspecific 
Projection system to make transmission 
between cortical cells possible. Suppose 
now that one cortical cell is somehow 
fired, and that it has effective connec- 
tions to several other long-axon cortical 
cells (ten, let us say). These ten long- 
axon cells will in turn fire about a hun- 
dred others, and so on. At this rate 
the activity would soon snowball to an 
astronomical value, so that it clearly 
Cannot continue to multiply for very 
long; in fact, the spread will quickly be 
checked by the firing of inhibitory cells. 
As the density of firing cells increases, 
impulses from many sources will arrive 
almost simultaneously in any small re- 
gion of the cortex. When a long-axon cell 
a fired by one of the impulses, it will 
TR the short-axon cells in its vicinity 
aid so prevent many subsequently ar- 
Wing impulses from firing other neigh- 

Oring cells. Thus, many of the im- 
Pulses circulating in the cortex will be 


lost because they arrive in the regions 
of strong inhibition surrounding re- 
cently fired cells. Finally, a level of 
activity will be reached at which only 
ten per cent of the impulses are able to 
fire cells, so that in the example given 
(in which one cell could fire ten others 
in the absence of inhibitory influences) 
a state of equilibrium will be reached. 
If more long-axon cells start to fire, the 
regions of inhibition will be crowded to- 
gether and less than one tenth of the 
circulating impulses will fire new cells; 
the activity must therefore drop back to 
the equilibrium value. If, on the other 
hand, too few cells are fired, the multi- 
plication factor will increase above unity 
and the total activity will increase again. 
It is true that many factors have been 
neglected in this analysis; some of them 
are important and will be considered in 
a moment; other difficulties (such as 
the fact that when the level of neural 
activity rises, the increase in inhibition 
will be offset to an indeterminate extent 
by increased temporal and spatial sum- 
mation) cannot be dealt with until bet- 
ter quantitative data are at hand. In 
the meantime we can only postulate that 
the parameters involved have values 
within the limits necessary to allow the 
network to behave in the manner de- 


scribed. 

For reasons 
js desirable to ¢ 
such a way that t 
continues to circu 
group of cortical ci 


that will be clear later, it 
construct the model in 
he equilibrium activity 
late within a single 
ells, instead of pro- 
gressing continuously to new cells at 
each step in the firing. To this end, the 
following postulate will be, made regard- 
ing the anatomical organization: the 
short-axon inhibitory cells which receive 
recurrent collaterals from a long-axon 
cell have fewer inhibitory connections 
to that particular long-axon cell than 
they do to other Jong-axon cells in the 
region. This is illustrated in an exag- 
gerated way in Fig. 2, where it is seen 
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Fic. 2. Types of recurrent inhibitory connec- 
tions. 


that when Cell A is firing it causes the 
inhibition of its neighbors, B, C, and D, 
but is not itself inhibited. In fact, 
because the surrounding long-axon cells 
cannot now be fired, there is no way in 
which the short-axon cells discharging 
on to A can be fired. Therefore, as long 
as A continues to fire, it protects itself 
from being inhibited. This is not the 
only mechanism—perhaps not even the 
most likely mechanism—by which the 
desired result could be achieved (repeti- 
tive firing during the hypersensitive 
phase of the recovery cycle would also 
tend to confine the activity to the group 
of neurons that were already firing), 
but it is a useful hypothesis on which 
to base subsequent discussion. 

Let us now see how this postulate will 
affect the equilibrium activity that can 
be sustained in our model of the cortex. 
There is a good chance that the cell 
which originated the activity will re- 
ceive an afferent impulse from some 
other cell which is fired later in the 
avalanche. If it does, there will be 
nothing to prevent its firing again in 
response to the returning impulse, be- 
cause its original discharge will have 
inhibited neighboring cells, thus greatly 
reducing the probability that it will be 
inhibited itself. When it fires again it 
will also be able to re-excite the ten 
cells that it fired previously, because 
they will have likewise remained free 
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from inhibition. Thus the whole group 
will tend to re-excite itself, confining the 
activity to those neurons in which it cor 
spread. If by some chance the original 
cell does not receive connections from 
any of the cells subsequently fired, some 
of the next ten cells, or those further 
along in the chain of activity, will do so, 
and the final result will be much the 
same. 

It now remains to see what prevents 
the activity from persisting in this group 
of cells indefinitely. A property of won 
cells in the nervous system is that i 
they are subjected to a constant source 
of excitation their frequency of dis- 
charge steadily falls. We may the 
fore expect a decline in the intensity © 
firing in the group. As each cell adapts, 
it will deliver fewer impulses to an 
cells in the group, and reduced bombard- 
ment will combine with the adaptation 
to slow down the activity. On the other 
hand, there will be a concomitant de- 
crease of inhibitory firing, so that the 
over-all activity will not decline as 
rapidly as it otherwise would. How- 
ever, there is a limit to the compensa- 
tion that can be provided in this way» 
because when the inhibition becomes t00 
small some of the cells outside the group: 
which were previously prevented from 
firing, will be released. The firing ° 
these cells will then bring in fresh short- 
axon cells which will immediately 10- 
hibit any fatigued cells in the vicinity- 
Thereupon, the balance of excitation 
and inhibition will be disturbed in re- 
gions to which the affected long-axon 
cells send impulses. If most of the cells 
in the group were already becoming 
adapted, or fatigued, the disturbance 
will snowball in reverse; each cell tha 
Stops firing causing connected cells tO 
stop also. In this way the firing of one 
Sroup might come to an abrupt end, an! 
another group of cells take over. ote 
that although the activity will an 
from one group of cells to another, i 
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can never die out; long before that hap- 
ay the level of inhibition would be- 
Saag low that all the unfatigued cells 
tained e able to fire. The self-main- 
as Pen activity described above 
intend ry reader has no doubt realized, 
Versio : to form the basis of the revised 
D of the cell assembly. 
Heb behavioral phenomenon which 
i ag in terms of the cell as- 
same with set.” In order to do the 
Les tes a present model we shall 
Perhaps T a further neural postulate. 
i feet yee of behavior 
stimulu. ying “set” is that in which a 
lus, B pe A, followed by another stimu- 
t ough gives rise to the response, C, al- 
duce aan A nor B alone will pro- 
induces a response. Presentation of A 
ris ra set to respond to B. In neural 
y A: _ that after a cell assem- 
on an ne to exert a direct control 
Dene ae. S behavior, it continues to 
ior devel way in which that behav- 
Minutes ‘Pi perhaps for a period of 
Process se nly two categories of neural 
ong-lasti em able to account for this 
bly; Rhe aftereffect of a cell assem- 
represent, r some neurons of the group 
continue * g Stimulus A, for example, 
of the te fire, though the main body 
Cells of th ivity is now taking place in 
B (this i € group representing Stimulus 
t the in “active” trace hypothesis), 
Cal or ch, ivity A leaves behind it physi- 
Enough n mical changes which last long 
Patterns A influence subsequent firing 
ebb aa ‘latent” trace hypothesis) - 
of the tr dad to explain “set” in terms 
active ¢ rst of these alternatives—the 
Procesg race hypothesis—and the same 
ent mo Might be applicable to the pres- 
nism a - However, the second mecha- 
Ng bos ms to offer much more interest- 
Proce sibilities, which we shall now 
ana ba a explore. The hypothesis 
bu ent im rmally stated as follows: 
tdo n Pulses fall on a cortical cell 
ot fire it (because of inhibition 


or lack of adequate background facilita- 
tion), they nevertheless leave the cell 
with a lowered threshold, the effect dy- 
ing away with a time constant of many 
seconds. This influence of one cortical 
neuron on another will be called “prim- 
ing.” This postulate complicates the 
original model slightly because now, at 
the moments of transition from one pat- 
tern of cortical activity to another, we 
have to take account of the residual 
priming left by earlier activities, as well 
as of the momentary excitations. For 
example, a neuron that receives syn- 
aptic connections from neurons of sev- 
eral previously active groups will have 
a better chance of firing than a neigh- 
boring neuron that has been stimulated 
only by neurons of the most recently 
active group. 

We must now exa 
sensory afferents on t 
tical system. The sensory projection 
areas of the cortex are regarded for this 
purpose as the final distribution centers 
for sensory impulses. The long-axon 
cells with specific-sensory afferent con- 
nections are assumed to have wide- 
spread efferent connections to the rest 
of the cortex, so that a change 1n the 
pattern of sensory input will result in 
multiple changes of the local fields of 

Jf the cortex 1s already 

. i and if the sensory 
intensely active, eae added excita 
i unable to affect the ongoing 
cortical firing. The cells 
ot already firing will be too 
:pited by those that are fir- 
the input. Be- 
that the animal 
d pursue its 
_ On the other hand, if 
is a strong one, Or if the 
‘active when it 1s 
i s will de- 


mine the effect of 
his postulated cor- 


will ignore 


ignificantly 
ee y in the cortex. 


e next activit) 
anism can now be 
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made explicit. It has been postulated 
that if a neuron helps to fire another 
neuron on several occasions, it becomes 
a more potent agent for firing that 
neuron subsequently. This clearly im- 
plies that the neurons of a group that 
fire one another, in the way that has 
been described, will tend to bind them- 
selves together more closely. Let us 
assume that one group has been acti- 
vated on several occasions, and that 
consequently each neuron in the group 
has strengthened its synaptic connec- 
tions with one or more other cells in the 
group, but not with any of the nonfiring 
cells to which its connections were ini- 
tially equally strong. At this stage, if 
a neuron in the group is fired, the likeli- 
hood of its firing other cells of the group 
will have been increased; and the more 
cells of the group that are so aroused, 
the more the remaining members will 
be subjected to preferential excitation. 
This selective effect will often cause the 
total group activity to be established, 
starting from the firing of only a frac- 
tion of the constituent neurons. More- 
over, each time this concerted firing 
takes place, the connections will be fur- 
ther strengthened, and the probability 
of the group’s firing as a unit will 
become still greater. This process is 
equivalent to Hebb’s mechanism for 
building up a cell assembly by repeated 
presentation of a “perceptual element”; 
its significance for the explanation of 
perceptual learning and concept forma- 
tion has been discussed in some detail 
by Hebb (5, 6) and need not be re- 
peated here. It must not be supposed, 
however, that after a stimulus has been 
presented often enough it will become 
able to determine the total pattern of 
the assembly; there will always be an 
inconstant “fringe” of cells that fire be- 
cause of some previous cortical activity, 
metabolic conditions, or other factors 
independent of the stimulus. This fringe 
plays an important role in the associa- 


tion of one cell assembly with another, 
as we shall now see. , 
Associative learning was mentioned 
earlier as being the linking together of 
cell assemblies into phase sequences. 
This will usually occur because the as- 
semblies in question have been aroused 
contiguously. It has been assumed up 
to now that the neurons that initiate an 
assembly activity are themselves fired 
by a sensory event, but clearly once a 
group of cells has strengthened its in- 
terconnections sufficiently, it does not 
matter which of its elements are fired 
first; the activity will in any case spread 
to the rest. If enough cells of one as- 
sembly are left in a primed or excited 
state by firing in other cell assemblies, 
that assembly may burst into activity 
when a previous one fades out. The 
question we have to answer is how such 
an interrelationship between two assem- 
blies could be established by experience. 
Let us suppose that two stimuli, giv- 
ing rise to Cell Assemblies A and B, re- 
spectively, are presented in succession @ 
number of times. Under these condi- 
tions some of the fringe neurons of AS- 
sembly B will be determined by A, and 
so will not be random any more. In 
other words, some of the cells primed 
by A will be active with Assembly B on 
every occasion that the stimulus pair is 
Presented, and these cells will start to 
acquire stronger connections with the 
cells of the B assembly. Before long, 
in fact, they will become members of 
the assembly. When this has happened 
it will be possible for these cells, which 
on the first presentation of the stimulus 
Pair were merely a part of the random 
fringe of B, to arouse the whole B cell 
assembly in the same way that any 
other fractional firing of the assembly 
would arouse it, It remains only to 
point out that these particular cells are 
the ones that are so strongly primed by 
the activity of the A assembly that they 
have a high Probability of firing when 
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it stops (which is how they became 
part of the firing of B in the first place), 
and the method by which two assemblies 
ae associated will be evident. Of 
e cells released from inhibition when 
Assembly A dies away, those that have 
T previous occasions fired with (and 
id acquired strong connections with) 
fa of the B assembly, will be able to 
‘eee the rest of the cells of that as- 
A nbly. On the other hand, the suc- 
€ssors of Assembly A which are incom- 
ae with firing in the B assembly 
aid ave no strengthened connections, 
fant will be promptly suppressed as the 
of the B assembly begins to fire. 

a t may be observed that the amount 
ee “overlearning” that has 
fy ear the development of the assem- 
wil, efore its association with another, 
re oe a great deal of difference 
Bites, ease with which the linking is 
a ee If the total assembly action 
aa ee from the firing of, say, five 
will rons of its constituent cells, links 
niih ve to be strengthened to a smaller 
sary “3 of cells than would be neces- 
A be twenty per cent of the cells had 
hae fired to insure assembly action. 
Are w is, if the intragroup connections 
pa ne to start with, the new cells will 
Meto o acquire stronger and more nur 
grou us connections to the rest of the 
fick in order to compensate for the 
aye ae . Another point to be remem- 
cell a is that only rarely will a single 
tian Dy be able to fire another one 
most ed, as in the example given. In 
coe yaaa the assembly. aroused by aS- 
Drevi ion will have been primed by many 
uil N active assemblies before it 
DEn SP enough sensitized cells to €n- 
Sory it to fire without its proper sen- 
the ie This is an explanation of 
Ssociations wn of context, and ie 

associati ; the arousal of a par 
ings hei on may depend on the surroun 
Origin, eing similar to those in which the 
al learning took place, because the 
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firing of a number of cell assemblies by 
the environmental stimuli is necessary 
to build up priming in the required 
group. 
The model described above represents 
a brain mechanism capable of associat- 
ing contiguously presented stimuli. This 
is only part of the apparatus needed to 
explain an animal’s behavior in a learn- 
ing situation, but it is an essential part. 
The most important other mechanism 
has to do with motivation. In this pa- 
per motivation will be considered to in- 
fluence learned behavior in two ways: 
(a) by affecting the rate of learning, 
and (b) by helping to evoke responses. 
In order to discuss motivation from a 
physiological standpoint, we must return 
to the system which was mentioned 
briefly before, the nonspecific projection 
system. It will be remembered that our 
model of the functional organization of 
the cortex was developed on the assump- 
tion of a fixed level of facilitatory bom- 
bardment from this system, such that 
one long-axon cortical cell was able to 
fire ten others in the absence of inhibi- 
tion. If in the illustration we had as- 
sumed a lower level of nonspecific ac- 
tivity, the total cortical firing would 
have been less, though not proportion- 
ally so because of the accompanying de- 
crease in inhibitory firing. It might be 
remarked, in passing, that a number of 
loose ends may be rather neatly tied to- 
gether if it is assumed that impulses 
reaching a long-axon cell in the cortex 
from other cortical cells do not actually 
fire that cell, but induce a long-lasting 
depolarization that sensitizes it to bom- 
parding impulses from the arousal sys- 
Thus the cell would be primed, 
fired, by other cortical ae 
d by the next few impulses 
and then mets from the nonspecific 
uch a mechanism 


t with the observa- 


Li and Jasper (9) that the rate 
; ing increases with the level 


would 
tion 0 
of cortical fir 
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of arousal; it would also be in agree- 
ment with the data of Clare and Bishop 
(2) on the long-lasting dendritic de- 
polarization set up by association affer- 
ents. Moreover, the work of Bradley 
(1) might be interpreted as indicating 
that the arousal system afferents are 
cholinergic, and as acetylcholine is de- 
stroyed instantly on being released it is 
unlikely that the arousal system im- 
pulses would give rise to any long-last- 
ing effect in the cortex. 

Lindsley (10) has indicated that there 
is a rough correlation between the mo- 
tivational and emotional states of an 
animal and the level of activity of its 
arousal system; and Sharpless (12) has 
shown that novel stimuli are more po- 
tent stimulators of the arousal system 
than are familiar ones. It is also gen- 
erally true that a hungry or otherwise 
uncomfortable animal has an increased 
level of arousal activity, especially jn 
the presence of a satisfier. It thus seems 
that conditions which increase firing in 
the nonspecific system are those which 
tend to promote learning. There is stil] 
dispute as to how essential reinforce- 
ment might be for learning, but there is 
little doubt that some sort of “empha- 
sis” on the relevant stimuli accelerates 
the learning process. In terms of our 
model, this means that cortical cells are 
linked together more rapidly when the 
rate of cortical activity is higher—aq 
most reasonable conclusion. It might 
also be deduced from the model that 
some association should be Possible as 
long as any cortical cells are firing (dur- 
ing dreams, for example). The rein- 
forcement controversy thus reduces to 
the question of how much firing is going 
on in the cell assemblies concerned, re- 
inforcing agents serving to increase that 
firing through their effects on the non- 
specific projection system. According to 
this theory, therefore, the arousing rather 
than the need-reducing properties of the 
reinforcement are those important for 
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learning. Evolution would account for 
the fact that, for most present-day ani- 
mals, need reducers and dangerous situa- 
tions tend to be particularly arousing. 
It should be noted that, in the exam- 
ples given, it has not been a response 
but rather a relationship between stimuli 
that has been learned. It is not too 
difficult to extend the model to account 
also for the association between stimuli 
and responses, but we then have to face 
the problem of why the stimulus 5 
sometimes followed by the response an‘ 
at other times not. No doubt this 1S 
sometimes due to the failure of effective 
association between the cell assemblies 
concerned, but we have introspective 
evidence which suggests that we may 
know what to do to achieve a goal, but 
not be sufficiently interested to perform 
the actions. This brings us to the prob- 
lem of the effect of motivation on per- 
formance. Unfortunately, we cannot do 
justice to this topic in the space of ia 
paper, but a brief indication will 
given as to how the model might p 
able to handle it. We must assume tha 
many motor neurons will be fired along 
with the neurons of the cell assemblies 
we have described, but because they 
must compete with postural and other 
reflexes for control of the musculature; 
they can only produce a response 1 
they fire at a high enough frequency: 
Below some threshold value, cortical fir- 
ing has no effect on overt behavior. < 
is suggested that the arousal system 15 
responsible for raising cortical activity 
above this threshold when the stimu- 
lus conditions are sufficiently exciting. 
(However, as Hebb has suggested [7]; 
if the firing becomes too vigorous, some 
other factor may intervene to prevent 
further responses.) In the case of mO- 
tivation set up by expectancy of rewa 
or punishment, it must be assumed that 
the arousal system has been excited, not 
by the stimulus actually present, but by 
a cell assembly representing the moti- 
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vating stimulus which, through previous 
experience in the situation, had become 
associated with the cell assembly for the 
actual stimulus. The cell assembly for 
the motivating stimulus will be able to 
fire the arousal system because of an as- 
sociation built up through innumerable 
Sa eg of the motivating stimu- 
a under conditions where it fired both 
3 E porten and the subcortical systems 
a u taneously. Thus the environmen- 
a stimuli fire their cell assemblies, 
sare arouse the assembly of the moti- 
in ae stimulus by association, and this 
urn fires the arousal system, also by 

association. 
Pl ampl might make the proposi- 
fee learer, When a rat is first placed 
unn the arousal value of the novel 
the S ings will be sufficient to raise 
avis vel of cortical firing so that more 
o randomly associated “motor” cell 
Ehe: rat les will influence overt behavior; 
fitra will explore. If no incentive iS 
Waar ge the effect of novelty will 
i o Tai the rat will lie down and 
b owever, if the rat is food-de- 


Prived, and food is placed in the maze, 


aoa action of the stimuli from the 
F the cells in the rat’s nervous 
tion ie are sensitized by depriva- 
e Lig produce persistent excitation of 
semblis “a system. Moreover, cell as- 
e d fired by the food stimuli (if 
Ciaran is familiar) will have strong 
systers ons with the cells in the arousa 
Ot sey, so that even if the deprivation 15 
anae S the presence of food will be 
semblice produce arousal. These cell as- 
Kome. for food stimuli will, of course, 
eee with any other cell 
(those ies active at about the same HME 
k representing the sight of the food 
xample the feel of the maze floor, for 
quent = Therefore, when on a subse- 
ag eo con the hongty rat is Te 
blies f to the maze, one of the assem- 
box Neg by the stimuli in the starting 
Y be able to excite, by asso 


tion, the assembly which represents the 
food, and thus, indirectly, the arousal 
system. The firing in the latter will not 
die out as soon as the cell assembly 
which aroused it ceases to fire; activity 
in the arousal system does not stop ab- 
ruptly (possibly because its activity re- 
leases adrenalin into the blood stream). 
Tt will therefore continue to bombard 
the cortex at an increased rate for per- 
haps several minutes, and the motor 
component of any cell assemblies occur- 
ring during that time will fire intensely 
enough to produce a response. Tf, for 
example, a running response has been 
associated with the starting-box stimuli, 
the rat will actually run; if the same 
cell assembly (for running) had become 
active before the arousal system had 
been fired by the association between the 
starting-box stimuli and food, then the 


cortical firing would probably not have 


been intense enough to elicit overt move- 


ments. The same sluggishness would be 
expected if the animal was sated, so that 
the cells of the arousal system were not 
sensitive to food stimuli or their asso- 


ciated cell assemblies. 

The above example is admittedly su- 
perficial. More complicated situations, 
such as avoidance learning, Or extinc- 
tion, cannot be explained without intro- 
ducing still more postulates, in particu- 
lar a system for inhibiting movements. 
The value of such a model would be pri- 
marily to demonstrate that it is possible 
to design a machine that would not only 
“want” or “ayoid” arbitrarily designated 
stimuli, but also learn what to do about 
them under all environmental conditions 
to which it was sensitive. Whether the 
design would bear any a io n 
the actual mechanism of animals x ich 
can also do these things could be known 
only after further research. 


SUMMARY 


A neural model has been presented, 
ttassociation-of-ideas para- 


pased on an 
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i arning, similar to that used by 
e z it met of neurons (cell as- 
semblies) become representors of stimuli, 
and can then be linked together by be- 
ing fired contiguously. The model dif- 
fers from Hebb’s in that an inhibitory 
regulatory system is postulated which 
limits (to a minute fraction of the to- 
tal) the number of cortical neurons that 
can fire simultaneously, and insures that 
those firing are dispersed as widely as 
possible. A further change is introduced 
to meet the paradox that cell assemblies 
can be associated with one another with- 
out losing their individuality and being 
submerged in a composite new cell as- 
sembly. In association, it is not the 
cells of one assembly that acquire con- 
nections with the cells of another; in- 
stead, cells primed, or sensitized, by the 
first assembly become incorporated into 
the second. Thus, one principle of 
learning—the binding of cells into a 
group by repeated simultaneous firing— 
fulfills a double role; when the newly 
added cells are predominantly primed 
by sensory input perceptual learning re- 


sults; and when the new cells are primed 


by the firing of another cell assembly, 
associative learning results, 

Because the effect of priming lasts for 
many seconds, it is Possible for a cell 
assembly to accumulate the sensitiza- 
tions induced by the activities of a num- 
ber of associated assemblies, and so jn- 
crease the Probability that it will itself 
fire. 

The dual role of motivation—the fa- 
cilitation of learning and the elicitation 
of responses—has been discussed in 
terms of the arousal effects of the non- 


specific projection system on the postu- 
lated cortical network. 


REFERENCES 


1. Braprey, P. B. The effect of some cme 
on the electrical activity of the bre 
the cat. EEG. clin. Neurophysiol., 1953, 
5, 471. (Abstract) i 
2. CLARE, M. a & Bisnor, G. H. Doini 
circuits: the properties of cortical r ; 
involving dendrites. Amer. J. Psychiat, 
1955, 111, 818-825. DN 
3. Ecctrs, J. C. The neurophysiological m 
sis of mind. Oxford: Clarendon, 1 g 
4. Ecctes, J. C, FATT, P., & LANDGREN, ry 
Central pathway for direct panien 
action of impulses in largest ai 
nerve fibres to muscle. J. Neurophysiol. 
1956, 19, 75-98. ià 

5. Hess, D. O. The organization of behav 

ior. New York: Wiley, 1949. ious. 

6. Hess, D. O. The problem of conan a 

ness and introspection, In Brain A ld: 
nisms and consciousness. Springfield: 
Thomas, 1954. A 

7. Hess, D. O. Drives and the C.N.S. Coa 

ceptual nervous system). Psychol. z 
1955, 62, 243-254. 

8. Hess, D. O. A neuropsychological H 
In S. Koch (Ed.), Psychology: a ae in 
of a science. Vol. 1. McGraw-Hill, 
press, 

Lt, C. L, & Jasper, H. Microelectrode 
studies of the electrical activity of ! 1 
cerebral cortex of the cat. J. Physiol» 
1953, 121, 117-140, ne 

Linpstey, D. B. Psychological piaig 
and the electroencephalogram. EEG. 
clin. Neurophysiol., 1952, 4, 443-456. r 

11. Lorente pe Nó, R. Cerebral D 
architecture, In J. F, Fulton, PRI 
8y of the nervous system. (3rd ec 
New York: Oxford Univer. Press, 19 i 

SHARPLESS, S. K., & Jasper, H. Habit’ 
tion of the arousal reaction. Brai" 
1956, 79, 655-680. 


10. 


12. 


(Received November 28, 1956) 


—e SS eee 
ee 


Psychological Review 
Vol. 64, No. 4, 1957 


LEVEL OF ASPIRATION AND DECISION MAKING * 


SIDNEY SIEGEL 


Center for Advanced Study in the Behavioral Sciences * 


The purpose of this paper is to dis- 
cuss two related topics: (a) the role of 
a person’s level of aspiration in his de- 
cision making, and (b) the measurement 
of level of aspiration in a decision-the- 
ory context. The discussion of the sec- 
ond topic will include a brief summary 
some experimental evidence which 
ends support to the methodological 
stand taken here. 
ae notion of level of aspiration is 
ea ed in reference to the goal-striving 

avior of an individual when he is 
presented with a task whose outcome 
Ta be measured on an, achievement 
ale. Level of aspiration refers to the 
fe achievement goal for which 
person strives. 
fe concept of level of aspiration was 
a luced by Dembo (8), and the first 
b riment in the area was conducted 
x Hoppe (14). It is a familiar con- 
eh to psychologists and others, having 
a the topic of extensive discussion 
k experimentation in the last quarter 
a century, ‘An early review of the 
ter rature is given by Frank (13). Rot- 
has offered a critical review of the 
Methodological aspects of level of as- 
Plration studies (19). An exceptionally 
important theoretical article, by Lewin, 
i embo, Festinger, and Sears, appeared 
n 1944 (16). 


iT: 
tings paper is based on research conducted 
ional Research Grant M-1328 from the Na- 
Brant Institute of Mental Health and under & 
enn: from the Council on Research of The 
idapo ania State University. The author is 
iz ed to Selwyn W. Becker, Danuta M. 
any Henry T. Hiz for discussing with him 
20 of the ideas presented here. f 
Versity leave from the Pennsylvania State Uni- 
Y, 1957-1958 year. 


DECISION THEORY AND LEVEL OF 
ASPIRATION THEORY 


It is the contention of the present 
writer that the psychological situation 
established in level of aspiration experi- 
ments may profitably be characterized 
as a decision situation, for from the al- 
ternative possible goals the individual 
must decide for which goal he will 
strive. 

It is a remarkable fact that, by a 
simple change in nomenclature, the theo- 
retical model used by Lewin et al. (16) 
in the prediction of the choices (deci- 
sions) of individuals in a goal-striving 
situation—a model based on the work 
of Escalona (11) and Festinger (12)— 
may be rendered fundamentally equiva- 
lent to the theoretical model employed 
by decision and game theorists. This 
latter theory, first advanced by Bernoulli 
(2), discussed by Ramsey (18), and 
formalized by Von Neumann and Mor- 
genstern (28) and by Savage (20), 
states that under conditions of uncer- 
tainty individuals behave as if they were 
attempting to maximize expected utility. 
According to these and other decision 
theorists, an individual’s decisions un- 
derlying his choices among alternatives 
involving uncertain outcomes (outcomes 
with stated probabilities of attainment) 
are based on the utilities of the entities 
(objects; actions, goals, etc.) and on the 
probabilities (subjective probabilities, 
for most decision theorists) associated 
with attainment of the entities. The 


a 


products of probability and utility, ie., 
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he acts so as to maximize 


SEU = X pitti, 


where SEU is subjectively expected util- 
i . [10]). 
pol are es of terms. Lewin et al. 
assert that the level of aspiration set by 
the person is a function of tines fac- 
tors: (a) “the seeking of success,” (b) 
“the avoiding of failure,” and (c) the 
“cognitive factor of a probability judg- 
ment” (16, p. 376). The last-men- 
tioned factor refers to the individual’s 
subjective probability of achieving a 
goal. (Lewin et al. use the term “sub- 
jective probability.” See [16] p. 361 
et seq.) Each of these three concepts 
of Lewinian theory may be “translated” 
directly to an equivalent concept in de- 
cision theory, The achievement ` scale 
may be thought of as a utility scale, 
where utility refers to the subjective 
value of an entity (goal, action, object) 
as distinguished from its objective or 
“face” value. It is the Contention of 
this paper that each level on an achieve- 
ment scale has a certain utility for a 
Person, and that therefore level of as- 
piration may be Conceived as a “point” 
on a scale of utility. An achievement 
which represents “success” in Lewinian 
terms may be thought of in decision the- 
ory terms as one which has “positive 
utility.” An achievement which repre- 
sents “failure” to the person may be 
thought of as having “negative utility” 
for him. And the Lewinian notion of 
“subjective probability” needs no trans- 
lation, for the same term is used in de- 
cision theory. 

The demonstration that certain con- 
cepts in Lewinian level of aspiration the- 
ory are equivalent to certain key con- 
cepts in decision theory is important be- 
cause of the consequences it may have. 
Because of these equivalences, two im- 
portant bodies of research literature may 
be synthesized, with benefit to both. 
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The benefit to traditional psychologists, 
accustomed to dealing with terms like 
“success” and “failure,” will accrue be- 
cause of the much greater formality and 
rigor characteristic of decision theory, a 
rigor unknown to many psychologists. 
The benefit to decision theory will come 
because the synthesis will render avail- 
able to decision theorists a large amount 
of existing experimental evidence with 
relevance to their work which has not 
yet been recognized by them. 
Equivalence of formal statements of 
relations. The similarity between the 
two theories does not rest with equiva- 
lence of their variables. Also compa- 
rable are the formal statements of the 
relations among these variables. 


For example, Lewin et al. (16, p. 360) 
state that: 


The individual faces the possibility of poe ee 
or failing and the Positive or negative valence k 
such a future success or failure on the variou: 
levels is one of the basic elements for the rt 
To determine the valence (Va) of each level ie 
of activity [Va (A")] we have to consider a 
negative valence that future failure has on Be 
level [Va (Fai A")] and the positive valence © 
Success on that level [Va (Suc A") ], 


Va (A") = Va (Suc A") + Va (Fai A"). 


When discussing the individual’s felt 


probability of success (16, p. 362), they 
also state that: 


The most sim 
“weighted” 
is the produ 
of success 


ple assumption is that iD] 
valence of success [°Va (Suc A xi 
ct of the valence and the probability 


°Va (Suc An) = Va (Suc A”) - Prob (Suc A”): 
The corresponding formula for f. 


°Va (Fai A)=y/, 


ailure is: 
a (Fai A"). Prob (Fai A*)- 


Tf Lewin et al. had proceeded to the logical 
conclusion of these ideas, they coul 


have stated that 
Expected Va (A) = Prob (Suc A”) 


‘Va (Suc An) 4 CU — Prob) 
X (Suc A”) [Va (Fai A")], 
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which in decision theory terms is given as 


Expected Utility = Probability- Utility 
of Success + (1 — Probability) 
-Utility_of Failure 


in which it is asserted that the indi- 
vidual chooses among alternatives (some- 
times called “courses of action”) so as 
to maximize expected utility. 

_ This formula is equivalent to that 
given by Von Neumann and Morgen- 
stern (28), and has been utilized in 
studies of decision behavior by David- 
son, Siegel, and Suppes (7), Mosteller 
and Nogee (17), Siegel (21), Hurst 
and Siegel (15), Edwards (10), and 
others (see [9]). 

In the discussion of Lewin eż al., the 
problem of obtaining a rigorous meas- 
urement of utility (degree of valence) 
and of subjective probability is virtu- 
ally disregarded, despite the fact that 
these are the variables upon which the 
entire structure of the model depends. 
In the literature of decision theory, on 
the other hand, attention has been given 
to this important facet. See, for exam- 
ple, the experiments by Mosteller and 
Nogee (17) and by Davidson, Siegel, 
and Suppes (7) on the measurement of 
utility in an interval scale and on the 
Measurement of subjective probability, 
and also those of Siegel (21) and 
Coombs and Komorita (6) on the meas- 
urement of utility on an ordered metric 
scale. 

Another contrast between the two 
theories rests on the fact that in decision 
theory the formal theoretical models are 
based on a set of assertions from which 
consequences can be derived by logico- 
mathematical arguments. The asser- 
tions are referred to as axioms of the 
System (cf. [20]). If the model is used 
to interpret “real world” phenomena, it 
is possible to know, without ambiguity, 
what aspect of the model is analogous 
to what thing (or action) in the real 
world. 
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When such an abstract and formal 
system is available, it sometimes hap- 
pens that the mathematical system will 
serve as a model for more than one 
situation in the real world. This fortui- 
tous event may reveal analogies or re- 
lations of whose existence scientists were 
previously unaware. This seems to be 
the case in the present instance. A for- 
mal theoretical model has been con- 
structed which is useful in interpreting 
decision behavior in general. It is con- 
tended in this paper that this model will 
encompass decision behavior in goal- 
striving or achievement situations, i.e., 
in situations where level of aspiration is 
an important variable of behavior, and 
furthermore that level of aspiration may 
usefully be defined in decision-theory 
terms and measured in a decision-theory 


context. 


LEVEL OF ASPIRATION AS A DETER- 
MINANT IN DECISION MAKING 


Suppose an individual is given the 
task of finding as many as he can of 
five hidden objects, which will be his to 
keep. Suppose further that this indi- 
vidual aspires to find and thereby ac- 
quire at least four of these. That is, 
the acquisition of four or more of the 
objects is defined as “success” by this 
individual, and the acquisition of any 
fewer will constitute “failure” for him. 
Now suppose that before he attempts to 
find the objects, he is asked to choose 
between the following alternatives: (4) 
a 50-50 chance of getting either four of 
the objects or none of the objects, or 
(b) assurance of getting three of the ob- 
jects. That is, suppose that the out- 
come of the task is completely deter- 
mined by the individual’s choosing either 
of the alternatives above and then by 
the toss of a “fair” coin. If the indi- 
vidual chooses Alternative (a) above, 
and if the coin lands “heads” he gets 
four objects, whereas if it lands “tails” 
he gets none at all. On the other hand, 
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i es (b) he gets three objects 
z E eae n either heads or tails. 
Now since the individual has set E 
acquisition of four objects as his ae 
of aspiration, and the acatisitian of any, 
fewer will be considered as a j failure 
by him, it seems clear that he will choose 
Alternative (a), despite the fact that 
objectively Alternative (b) has greater 
expected value. In other words, Al- 
ternative (b) may have greater expected 
value, but Alternative (a) has greater 
expected utility for this person, His 
level of aspiration has made the utility 
of the objects nonlinear with their ob- 
jective value. 

In game-theory terms, the above situa- 
tion may be described as a one. 
game in which the subject choo 
tween two alternatives, each of 
a probability-combination of t 
comes, The format for the gai 


-person 
ses be- 
which is 
wo out- 


me is: 

Alterna- Alterna- 

tive (a) tive (b) 
If heads occurs you get 4 you get 3. 
If tails occurs you get 0 you get 3. 


The subject choos 

outcome of the to: 

mines the row, 
Now if the sub 


es the column; the 
ss of the coin deter- 


soning: if 


Expected Utility of (a) 

> Expected Utility of (), (1) 
where u(x) is read as 
quiring x objects” 
mean the subjective 
worth to the person, 
can be written 


p-u(4) + (1 — p)-u(0) > 
p-u(3) + (1 — p)-u(3). (2) 


“the utility of ac- 
and interpreted to 
value of x, i.e., its 
then Statement 1 
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If p is understood to be subjective prob- 
ability, and is known to be one-half, 
then Statement 2 may be written 

u(4) + u(0) > u(3) + u(3) (3) 


and 


u(4) — u(3) > u(3) — u(0). (4) 


That is, when Alternative (a) is pre- 
ferred, we may infer that Statement k> 
above is true, i.e., that the difference in 
utility between 4 and 3 objects is larger 
than the difference in utility between 3 
and 0 (21, pp. 212-213). 

We can see from the above that for 
this individual the acquisition of four or 
more objects has positive utility. The 
acquisition of three or fewer has nega- 
tive utility. Zero utility is represented 
by some point between three and four. 
It should also be noticed that the level 
of aspiration is associated with the 
largest difference on the utility scale. 

We may cite another example to illus- 
trate the same points, Suppose a stu- 
dent is enrolled in a course in which he 
aspires for the grade of B. Before the 
examination on which the course grade 
is based, he is asked to choose between 


the following alternatives: 
Alterna- Alterna- 
tive (a) tive (b) 
Tf Event T a5 Fa a 
weet rs yougetanA you get a B. 


Non-E occurs 


you geta C you get a B. 


If the individual believes that the prob- 
ability of the occurrence of Event E is 
50, it seems clear that he will choose 
Alternative (b), since his level of aspira- 
tion Is to achieve a grade of B. By this 
choice, the individual demonstrates to us 
that the difference jn utility between B 
and C is gr 
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A B c 


Fis. 1. 


Now the same person is asked to 
choose between these: 


Alterna- Alterna- 
tive (a) tive (b) 
If Event 
E occurs you getaB you geta C. 
If Event ; 
Non-E occurs yougetaD you get aC. 


If his subjective probability toward 
Event E is .50, he will choose Alterna- 
tive (a), for in terms of his level of 
aspiration any grade less than B is a 
“failure.” His selection of Alternative 
(a) demonstrates that for him the dif- 
ference in utility between Grades B and 
C is larger than that between C and D, 
as shown in Fig. 2. Again we see that 
the level of aspiration is associated with 
the upper bound of the largest distance 
on the utility scale. 


LEVEL OF ASPIRATION DEFINED 


Before we offer a formal definition of 
the level of aspiration, we may summa- 
rize what has been said above concern- 
ing it: 

1. The level of aspiration of an indi- 
vidual is a position on his utility scale 
of an achievement variable. 
_ 2. The lower bound of that } 
is neutral in utility, ie; all points be- 
low the lower bound have negative. util- 
ity (psychological feeling of dissatisfac- 
tion) associated with them and all points 
above the lower bound have positive 
utility (psychological feeling of satis- 
faction) associated with them. ? 

3. The level of aspiration is associ- 
ated with the upper bound of the largest 
distance on the utility scale. 


hat position 


Fic. 2. 


Each of the characteristics of level of 
aspiration enumerated above is incorpo- 
rated in the following formal and more 
rigorous definition of level of aspiration: 

The level of aspiration of an indi- 
vidual is a point în the positive region 

of his utility scale of an achievement 
variable; it is at the least upper bound 
of that chord (connecting two goals) 
which has maximum slope; i.e., the level 
of aspiration is associated with the higher 
of the two goals between which the rate 
oj change of the utility function is a 
maximum. 

It may be seen from this definition 
that the difference in utility between 
achieving at the level of aspiration or 
achieving at the next lower level is 

er than is the difference in utility 
between achieving at the level of as- 
piration or achieving at the next higher 
level. In other words, the level of 
aspiration is that goal which has the 


great 


UA) |----------- 


u(B) |- 


Grades 


$s | ee a 


oo -----------------]5 
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presentation of the util- 


hical re 
Fro. 3- Graphic vidual whose level of 


ity of grades for an indi 
= E 
aspiration is “B. 
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Fic. 4. 


largest distance (difference) in utility 
between it and the next lower goal. 

Figure 3 demonstrates this graphically. 
The curve represents the utility func- 
tion of a student who aspired for a B 
and who made the choices discussed 
above, among others. It may be seen 
that the differences between the utility 
of B, U(B), and the utility C, U(C), 
is larger than any of the other differ- 
ences. The ordered metric utility func- 
tion may also be represented as it is 
shown in Fig. 4, 


LEVEL oF ASPIRATION AS A PROBLEM 
IN MEASUREMENT 

The precedin 

to the point t 

tions the task of ascertai 


utility function for the 
goals in question, 


ordinal one. 


The strength of measurement which 
is required depends on the nature of 
the variate—on whether the Possible 
achievement goals are represented by a 
continuous variate or are a discrete set 


of entities with an underlying con- 
tinuum, 
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If the possible goals are on a con- 
tinuum and if the achievement scale is 
represented by a continuous variate, i.e., 
if the scores (goals) may have any value 
in a certain range, then at least inter- 
val measurement of utility is necessary 
to derive level of aspiration. In inter- 
val measurement, the distances between 
points (i.e., the intervals) are known 
numerically (22, 26, 27), and thus the 
numerically largest distance may be 
identified and the level of aspiration 
thereby located, 

If the possible goals are discontinu- 
ous and if the achievement scale consists 
of a discrete set of entities, i.e., if the 
Scores (goals) can take only isolated 
values, then at least ordered metric 
measurement js necessary to derive level 
of aspiration. In strength, an ordered 
metric scale falls between an ordinal 
scale and an interyal scale. An ordered 
metric scale (4, 5, 21) not only gives a 
tanking of the entities involved but also 
a ranking of the distarices between the 
entities. With an ordered metric scale 
We can identifysthe largest distance and, 
masmuch as the individual’s choice is 
limited to the discrete set of goals avail- 
able, we thereby find that goal which 
best represents his level of aspiration of 
those available, 

he problem of obtaining an interval 
jeasure of utility has been dealt with 
by Davidson, Siegel, and Suppes (7). 


: eir paper includes an axiomatization 
5 s 


of this method in tests of 
(24). 


Most level-of-aspiration situations, if 
not all, involye a discrete set of goals. 


ven if there js Continuity underlying 
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the achievement scale, as is the case 
in achievement in throwing darts at a 
board with a bull’s-eye, the possible 
ire are usually broken up into a dis- 
as set. In the case of the dart board, 

se are concentric circles around the 
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The subjects were required to make 
choices between alternatives in a num- 
ber of offers. Each of the offers was 
numbered, and the subjects understood 
in advance that the offer on which the 


pay-off (midterm grade) would be based 


bull’s- T P 
s-eye. Thus it would seem Thùr wot Sentti endas ftom all of. 


Tom situations measurement in an or- 
: niy metric scale is all that is neces- 
ary to derive an individual’s level of 


aspiration. 


To test the validity of the statement 
that the level of aspiration is that goal 
which is the least upper bound of the 
largest distance on an ordered metric 
scale of utility, a study was conducted 
Tak is reported fully elsewhere (1). 
; summary report of it is included here 
o lend greater clarity to some of the 


topics discussed. 


EXPERIMENTAL VERIFICATION 


Becker and Siegel (1) have conducted 
a study wherein they tested the hy- 
pies that the ordered metric utility 
unction would yield information on the 


individual’s level of aspiration. 


an ais were 20 students enrolled in 
in ementary course in statistics. These 
ble e students who volunteered to gam- 
k with the instructor for their mid- 
the s grade, with the understanding that 
SE grade they obtained in the gambling 

ssion would be entered in the course 


r S : 
ecords in lieu of their score on the 
examina- 


le of the 
derived 


regularly scheduled midterm 
ion.® An ordered metric sca 
grades A, B, C, D, and F was 
Or each subject by the method describe 
elsewhere (1, 21). 
ie subject’s scale fro 
Mong alternatives like t 
above, 


8 
tun After all data had been collected, 
e of the experiment was explaine 
Ent ticipants in 
ae and all agreed to take the exam! 
receive a grade based on t 
ance on it. 


This method derives 
m his choices 


hose exampled 


the na- 
d to all 


individual interviews wit 
ination 


heir perform- 


the offers given. Therefore each değ- 
sion they made had an equal likelihood 
of being the crucial one on which their 
midterm grade depended (cf. 21, p. 214; 
20, p. 29). i 

After the subjects had made all the 
required choices, two ruses were in- 
troduced. First, the allegedly random 
device by which each student’s grade 
would be determined was actually con- 
trolled so that each subject “won” a G 
for his grade. Some subjects responded 
to this pay-off with considerable dismay 
and disappointment. In response to this, 
the experimenters perpetrated the second 
ruse. The group of subjects was told 
that if they were dissatisfied with the 
grade they had won, they could obtain 
an interview with the instructor and the 
other experimenter, in which perhaps 
some way of raising their grade could 
be worked out. The implication con- 
tained in this announcement was that 
performance of extra work would be the 
mode of raising the grade. The subjects 
were told that any who desired such an 
interview would have to wait until the 
instructor placed an urgent long-dis- 
tance telephone call, after which he and 
the other experimenter would return to 


conduct individual interviews with those 
students who desired them. The in- 
structor said he would return in about 
five minutes, but actually his absence 
was unexplainedly extended to an hour’s 
time before he returned for individual 
interviews. As will become clear, this 
ruse permitted a test of one of the hy- 
potheses of the study. 

The interviews were structured to ob- 
tain a careful independent measure of 
each subject’s level of aspiration for 
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is mi ade. Both experimenters 
S nren and chen independent 
judgments of each subject’s level of as- 
piration were in very close agreement 
(rs = .99). The interviews were con- 
ducted before either experimenter had 
any information concerning any sub- 
ject’s ordered metric scale of utility for 
g . 

E experiment was designed to test 
two hypotheses. For this summary it 
may suffice to state these briefly and to 
report the outcome of each hypothesis 
test. 

Hypothesis I was that those subjects 
who would not wait for an interview 
with the instructor would be persons on 
whose ordered metric scales the largest 
distance was between D and F—persons 


long errand. All h 
scales with the ] 


and therefo; 
interview, 


Hypothesis II was that sub 
els of aspiration, 


piration was r, = 83. 


Goats For FUTURE RersrARcH 
Child and Whiting (3, p. 508) have 


eneral statements which 
contain the Conclusions which may rea- 


om research on leye] 
of aspiration to date: 


1. Success general 


ly leads to a Taising of the 
level of aspiration, 


and failure to a lowering. 


2. The stronger the success, the greater B 
the probability of a rise in level pr apee 
the stronger the failure, the greater is the prob- 
ability of a lowering. 3 

3. Shifts in level of aspiration are in part a 
function of changes in the subject’s confidence 
in his ability to attain goals. i 

4. Failure is more likely than success to lea 
to withdrawal in the form of avoiding of set- 
ting a level of aspiration. £ 

3. Efes of failure on level of aspiration 
are more varied than those of success. 


Each of these generalizations may be 
treated as hypotheses to be tested m:e 
perimentation employing the decision- 
theory approach outlined here. If such 
experimentation leads to confirmation of 
the hypotheses, this would strengthen 
confidence in the validity of that ap- 
proach. 4 

Simon (25, p. 110) points out that in 
most models of rational choice it is as- 
sumed that the individual will evaluate 
the outcomes of all possible alternatives 
before he makes any choice, In realis- 
tic human situations requiring decision, 
however, alternatives often must be ex- 
amined sequentially and decisions must 
be made as the alternatives are pre- 
fact. When this is the case, and when 
the individual does not know what vari- 
ables determine the order of the offers 
(and therefore does not know whether 
the future alternatives are likely to be 
“better” or “worse” than those with 
which he has already been confronted), 

e may well choose the first satisfactory 


alternative which is offered, In the 
terms of the 


vidual May ch 
Containin 


Provide an empirical test of this hy- 
Pothesis, 


S being presented with a se- 


quence of choice Situations, he may find 


at. 
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a no for him to discover satis- 
i mad ternatives among them. If so, 
oe of aspiration will rise. On the 
ae and, he may find it difficult to 
nse r sanstaton alternatives among 
a ma e available to him, and in this 
en is level of aspiration will fall. 
ae suggests that such changes in 
a aspiration would tend to guaran- 
Fine = existence of satisfactory solu- 
ee s decision situation, for fail- 
Sean iscover initially satisfying al- 
a would depress the level of 
a ion and thereby bring satisfac- 
ry solutions into existence. 


SUMMARY AND CONCLUSIONS 


T Sah paper suggests that Lewinian 
as M concerning level of aspiration 
T integrated with certain parts of 
age theory. An achievement scale 
eae viewed as a scale of utility of 
tion S goals. A formal defini- 
Cna evel of aspiration in terms of 
E offered. The problem of ascer- 
dis i, person’s level of aspiration re- 
Utility a the problem of measuring his 
eae the achievement goals. It is 
gan that level of aspiration is 
ay Tae with the largest distance on 
a Be ee utility scale. If this is 
mie tric a discrete set of goals, ordered 
identif Measurement is sufficient for 
Sines ying a person’s level of aspiration, 
not cat ordered metric scale contains 
en y a ranking of the entities 
of e goals) but also a ranking 
tain distances between them. Cer- 
il pe evidence which sup- 
ieie m hypothesis is summarized. 
nts a ions for future research are pre- 
sented eee draw upon the ideas p°- 
Worker, ere, together with those of other 
tion ka in the fields of level of asp1a- 
th decision theory. 

Useful ea it would seem that 4 
ing sho i avioral model of decision maS- 
of ee d include not only the concepts 
ility and subjective probability, as 


do the present models, but should also 
include a formulation of the effects of 
level of aspiration and reinforcement on 
utility. That is, the model should in- 
clude recognition that utility has a 
model in its own right, in which the 
main concepts are level of aspiration 
(LA) and reinforcement effects (R). 

h In terms of such an extended model, 
it may be said that if various alterna- 
tives are available to. an individual, he 
will choose from among these alterna- 
tives, toward each of which he has a 
subjective probability of attainment and 
a utility, so as to maximize subjectively 


expected utility, SEU. That is, the in- 


dividual will choose so as to maximize 


SEU = © pits 


where 
u = J(LA FR). 
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A NOTE ON THE CRESPI EFFECT 


A. C. PEREBOOM ? 
Texas Technological College 


thn classical Crespi (3) and the Tol- 
pi and Honzik (6) studies report 
rupt shifts in performance following 
ge shift in the magnitude of the 
+ gee The writer recently attempted 
a reconcile their data with his own 
— this abruptness” effect failed to 
a o: This led to certain infer- 
Kik about the role of exploratory ac- 
ie = performance measures. In ad- 
vil 4 Hull's habit construct was re- 
ee o improve its handling of the 
a ng process following such a shift 
er he magnitude. The present pa- 
diical poa to extend that study spe- 
alors." o include Crespi’s contrast 
eee argued in that paper that the 
‘onal rials in most learning experiments 
ree much exploratory behavior which 
ae es, performance-wise, with the one 
bas se measure that concerns Æ, that 
ETER the acquisition of a goal ex- 
Sion cy. Learning about the maze or 
edge 7 ake time, however, and knowl- 
a about the goal forms only a smal 
ion of the total learning. The poor 
Ure of this ] i i 
ied is large amount of learning g0- 
behae as it is reflected in exploratory 
om ‘or. Thus, even the runway does 
(2) Sya us a single response tendency 
e ut as trials continue, exploration 
on out and the competing goal re- 
oe becomes more and more domi- 
Sipe performance is now approaching 
asymptote. 
At this point in the Crespi experi- 


i me 
nt the reward magnitude was changed. 


I ; 
he his rats now had to learn was 
a new magnitude was present; run- 


1 
iy writer is indebted to Dr. Keith J. 
‘or his critical reading of this paper- 


way exploration, reflected in gradual im- 
provement, was essentially completed 
during the initial learning. The re- 
sponse change was therefore abrupt rela- 
tive to the original rate of response im- 
provement. 

Now consider the contrast effect. The 
level of runway familiarity or learning 
at the time of the reward-shift will be a 
function of the previous amount of run- 
way exploration, and this in turn will 
be partially determined by the magni- 
tude of the initial incentive. A large re- 
ward will compete more effectively with 
the exploratory tendency than a small 
one. This is inferred from the greater 
running speeds found under large re- 


wards. Thus a large-reward group knows 


less about the runway than a small-re- 


ward group (cf. [1]). But unfamiliar- 
ity is a condition that arouses the ex- 
ploratory tendency. If the large-reward 
group is now put on a smaller incentive 
they will not only begin “extinguishing” 
to some extent put they will also begin 
exploring—and to a greater degree than 
would a group on this small incentive 
throughout training, simply because they 


know less about this runway than would 
up. The same reason- 


d to the “elation” effect 
for the upward-shift group. An initi- 
ard means & large amount 
of initial exploration. Under a new and 

they will need to explore 
d a group under that 


less than woul un 
larger amount throughout training; they 
faster than this group. 


can therefor 


But the upwar 
not always appear. 


were obtained in Spence 
several experiments designe 
lines of the Crespi study (5, P 


d contrast effect does 
Negative results 
25 laboratory in 
d along the 
p. 127- 
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133). Spence concludes that the “ela- 
tion” effect is due to a failure to train 
animals to their asymptotic speeds, ad- 
ditional trials being the source of the 
effect rather than the incentive shift. 
However, it may not be the asymptote 
per se. If the asymptotic speed is too 
close to some relative upper limit set by 
the given experimental situation, drive 
level, and quality of reward, there sim- 
ply will not be enough room for the ef- 
fect to show. To obtain the contrast 
effect then, the large reward must not 
be too large. Logically, of course, the 
same reasoning should apply to the 
downward effect. If the small reward 
leads to speeds little better than the 
operant speed, we would also fail to ob- 
serve any effect. 

A preliminary test of the present in- 
terpretation will introduce one condition 
into the Crespi study that was appar- 
ently omitted: Thoroughly familiarize 
the animals with the runway prior to 
Trial 1. This should lead to greater 


rates of response improvement under the 


initial incentives, and so tend to elimi- 
nate the relative abruptness of perform- 
ance changes following the incentive 


the asymptotes of 


would already be 
Present. Whether po, 


sitive and negative 
contrast effects will appear following the 
incentive shifts, however, depends upon 
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(a) the amount of preliminary explora- 
tion and (4) how long such groups are 
maintained under their initial amounts 
of reward. If no differences in runway 
familiarity are present at the time of 
such incentive shifts, then no contrast 
effects should follow.2 
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SS 
It might be no} 


ted here that Crespi’s use 
ofa Particularly 


long runway (20 ft.) upon 
Which speed was Tecorded, rather than just 
latency, no doubt favored the exploratory 
tendency and thus gave him clear-cut results 


(cf. £7]) 
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THE PSYCHOLOGICAL REVIEW 


THE PSYCHOLOGICAL SIGNIFI 


CANCE OF THE CONCEPT 


OF “AROUSAL” OR “ACTIVATION” 


ELIZABETH DUFFY 


The Woman’s College of the University 


aor concept of “arousal,” “activa- 
Sh or “energy mobilization,” as de- 
loped by the writer over a period of 
many years (7, 9, 10, 11, 13), and em- 
ployed by others in various contexts 
as, 18, 25, 40), has wide applicability 
ih psychology.* A fuller discussion of 
E ops will be presented elsewhere. 
oy ing its appearance, however, it may 
$ of interest to point out some of the 
areas which this concept should serve to 
illuminate. 

dg has been argued in previous papers 
a 12) that all variations in behavior 
he be described as variations in either 
; e direction * of behavior or the in- 
ensity of behavior. Only one part of 
this argument is essential for the pres- 
ent purpose. Whatever may be the re- 
action to the attempt to reduce the de- 
Scriptive categories of psychology to two 


rousal,” as 
ly to the ac- 


fen 

mee roughly by any one of a number of 

ma ological measures (eg, skin resistance, 

ec tension, EEG, cardiovascular measures, 

to eg The degree of arousal appears 
e best indicated by @ combination ° 

Measures, y 


of North Carolina 


basic types of concept, we can proceed 
without dispute provided only it is 
agreed that intensity is a characteristic 
of behavior which can be abstracted and 
studied separately. It is the intensity 
aspect of behavior which has been vari- 
ously referred to as the degree of excita- 
tion, arousal, activation, or energy M0- 
bilization. 

I have argued that such abstraction 


from the totality of behavior is a neces- 
sary procedure if the psychologist is to 
jables in 


be enabled to manipulate vari 
a way likely to provide solutions to some 
of his problems. Confusion of the direc- 
tion of behavior with the intensity of 
behavior, resulting in their fortuitous 
combination in certain psychological con- 
cepts (10) and in the “trait” names 
used to describe personality (12), was 
suggested as a possible pasis for some 
of the unrewarding findings in many 
psychological investigations. Since the 
intensity of response can vary independ- 
ently of the direction of response, it was 
proposed that it should be measured in- 
dependently and its correlates investi- 


gated. f 
Perhaps 4 parallel may be seen in the 
analysis of sensory function.® Before 


3 For this suggestion of a parallel, I am in- 
debted to Dr. 2. B. Malmo, who, in the fall 
kind enough to read the major 


2 A 
the pee jn behavior refers merely to meee 
act that the individual d uthis” rather © i e ) 
n “that,” te ma pa to certain portion of m Ce oe 
ues and negatively to others. book, and to disc 3 
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progress could be made in the study of 
sensation and its physical correlates, it 
was necessary to separate the dimension 
of intensity from that of other sensory 
characteristics. In audition, for exam- 
ple, loudness was distinguished from 
pitch, and was related to a different type 
of variation in the physical stimulus. 
In vision, brightness was separated from 
hue, and each of these aspects of vision 
was related to the appropriate type of 
variation in the stimulus. Little prog- 
ress in the understanding of sensation 
could have been made until suitable ab- 
stractions from the total sensory ex- 
perience had been achieved, and these 
identifiable aspects of the totality had 
been investigated separately. 

Measurement of the intensity of re- 
sponse (i.e, the degree of excitation, 
arousal, activation, or energy mobiliza- 
tion), it has been pointed out, may be 
achieved, at least in rough fashion, 
through various means (9, 10, 13, 15). 
Among the physiological measures which 
may be employed are skin conductance, 
muscle tension, the electroencephalogram 
(EEG), pulse rate, respiration, and 
others. These measures show intercor- 
relations, although the correlation co- 
efficients are not always high since there 
is patterning in the excitation of the in- 
dividual, the nature of which appears to 
depend upon the specific stimulus situa- 
tion and upon organic factors within the 
individual.* Nevertheless, there is evi- 
dence also of “generality” of the excita- 
tion. Hence a concept of arousal, or 
energy mobilization, appears to be justi- 
fied. 

It should be noted that the physio- 
logical measures which serve as indicants 
of arousal, and which correlate at least 
to some degree with each other, include 


4The patterning of excitation is discussed 
more fully in the manuscript referred to in 
Footnote 3. It is believed that a more ade- 
quate concept of excitation, or activation, is 
thereby developed. 
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measures of autonomic functions, of 
skeletal-muscle functioning, and of the 
functioning of the higher nerve centers. 
It is clear that it is the organism, and 
not a single system, or a single aspect of 


response, which shows arousal or ac- 
tivation. 


The historical roots of the concept of 
activation lie in Cannon’s concept of 
“energy mobilization” during “emotion” 
(3). Unlike Cannon’s concept, however, 
the present concept of activation or 
arousal is designed to describe the in- 
tensity aspect of all behavior (10, 12). 
Referred to as the “degree of excita- 
tion,” it was, in 1934, defined as “the 
extent to which the organism as a whole 
is activated or aroused” (9, p. 194). 
Both its definition and its proposed 
mode of measurement have in more re- 
cent publications followed the line sug- 
gested at that time (10, 13). When, 
however, studies of the electroencepha- 
logram provided data on the behavioral 
correlates of changes in the EEG, it 
was sugggested that this measure also 
provided an indication of the degree of 
arousal (13). 

To those unfamiliar with the concept 
of activation, confusion frequently arises 
between the degree of internal arousal 
(referred to by the concept) and the 
vigor and extent of overt responses: 
While the degree of internal arousal 
usually correlates fairly closely with the 
intensity of overt response, a discrep- 
ancy between the two may be introduced 
by the intervention of inhibitory proc- 
esses, a phenomenon which has not re- 
ceived the degree of attention to which 
it is entitled. An additional source of 
confusion is the tendency on the part of 
some to confuse activation or excitabil- 
ity with vitality. Actually, it is sug- 
gested that these two characteristics are 
more likely to be negatively related tha? 
to be positively related. The tendency 
to be frequently and intensely aroused 
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leads no doubt to fatigue and to a con- 

sequent reduction in vitality. 

The chief point in regard to arousal, 
which I have repeatedly made (10, 11, 
12, 13), is that arousal occurs in a con- 
tinuum, from a low point during deep 
sleep to a high point during extreme ef- 
fort or great excitement, with no distin- 
Suishable break for such conditions as 
sleep or “emotion.” Evidence support- 
ing this contention has been presented 
Specifically for skin conductance, muscle 
tension, and the EEG (13). Recently 
Lindsley has elaborated upon the con- 
ception as it applies to the EEG (25), 
although earlier, in his “activation the- 
ory of emotion” (24, pp. 504-509), he 
had been of the opinion that “emotion” 
and sleep were conditions which were 
Correlated with certain changes in the 
EEG, while conditions intermediate be- 
tween the two were held to be as yet 
Unexplained. 

The factors which produce variations 
the degree of arousal are various. 
hey include, apparently, drugs, hor- 

Beres, variations in physical exertion, 
ae variations in what is commonly re- 
A ed to as the degree of motivation. 

of appears that differences in the degree 

arousal in different individuals may 
ae a genetic or an environmental ba- 

E or both. This conclusion is sug- 
: ay from animal studies and from 

ee ely few studies of human be- 

sid In which the problem has been con- 
ered, 

Pioa of the potential contributions to 
Ychology of the concept of arousal is 
et of breaking down the distinction be- 
ta drives” or “motives” and “emo- 

Dhysi (10, 11). The same kinds of 
; Slological changes may be observed 

aa in these variously designated 

a itions, and, depending upon the de- 

Sorts of arousal, to produce the same 
oe of effect upon behavior. It has 

Sense contended that “emotion” is in no 

a unique condition, and that our 


in 
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investigations should not be directed to- 
ward the study of “emotion” as such 
(9). 

In the study of “motivation,” the con- 
cept of arousal is of distinct service. 
By means of the physiological measures 
which serve as indicants of arousal, we 
may secure a direct measure of the de- 
gree (intensity) of “motivation.” * Any 
other measure must of necessity be less 
direct. When all factors affecting the 
level of arousal except the degree of in- 
centive value or threat value are held 
constant, measurement of the degree of 
arousal affords a measure of the “mo- 
tivating” value of a given situation. It 
also affords, incidentally, an objective 
measure of what is called the “stress” 
imposed by a situation. 

Physiological measurements made in a 
wide variety of situations have shown 
the expected correspondence between the 
degree of arousal and the apparent de- 
gree of significance of the situation— 
i.e., its incentive value or its threat value 
(13). For example, men undergoing 
flight training were found to show more 
tension of the muscles during the solo 
stage of training than during other 
stages, and during the maneuvers of take- 
off and landing than during other ma- 
neuvers (39). Galvanic skin responses 
obtained during replies to questions 
about provocative social problems were 
found to be smaller if the replies were 
in harmony with group opinion than if 
they were not, and “Yes” responses were 
found in general to be associated with 
smaller galvanic reactions than “No” re- 


sponses ( 34). 


The concept of activation holds fur- 


5 The concept of “motivation,” as onna 
employed, is a “compound” cance be ya 
corporates a description of pe l the ae 
level,” or arousal aspect, of be aaron ako 
the direction taken by behavior, 1e., e m 
tivity of response- These two aspects PE er 
havior may vary independently, thoug! gt 
are characteristically affected by a certain 
stimulus-condition such as hunger. 
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ther significance for psychology by vir- 
tue of the fact that variations in the de- 
gree of activation are, on the average, 
accompanied by certain variations in 
overt response. The degree of activa- 
tion appears to affect the speed, the in- 
tensity, and the coordination of re- 
sponses. In general, the optimal degree 
of activation appears to be a moderate 
one, the curve which expresses the re- 
lationship between activation and qual- 
ity of performance taking the form of 
an inverted U. This conclusion, as it 
relates to muscular tension and perform- 
ance, was suggested by me in 1932 (8, 
pp. 544-546), by Freeman in several 
papers published around that time (15), 
and later by Courts (4). That it holds 
also for other indicators of the degree 
of activation is suggested by Freeman’s 
finding that skin resistance and reaction 
time, measured simultaneously on a sin- 
gle subject for 105 trials over a number 
of days, gave an inverted U-shaped curve 
when plotted on a graph (14). More 
recently the EEG has been found to 
show the same sort of relationship to 
reaction time (22). 

The effect of any given degree of ac- 
tivation upon performance appears to 
vary, however, with a number of fac- 
tors, including the nature of the task to 
be performed and certain characteristics 
of the individual—such as, perhaps, the 
ability to inhibit and coordinate re- 
sponses under a high degree of excita- 
tion (8). Organismic interaction is the 
basic explanatory principle suggested to 
account for the particular effects upon 
performance of various degrees of ac- 
tivation. Such organismic interaction 
may also, it appears, have some effect 
upon sensory thresholds. Again the pos- 
sibility presents itself that the relation- 
ship may take the form of an inverted 
U-shaped curve. 


© These studies are reviewed in the manu- 
script referred to in Footnote 3. 
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When performance has been observed 
to vary under certain conditions, such as 
those of drowsiness, of fatigue, or of 
“emotion,” it is suggested that the varia- 
tion may be due, at least in part, to 
the effect of varying degrees of arousal. 
The disorganization of responses fre- 
quently reported during “overmotiva- 
tion” or “emotion,” for example, may 
be conceived of as resulting in part 
from too high a degree of arousal. Such 
a condition would be represented at one 
end of the U-shaped curve. A simi- 
lar disorganization of responses, found 
sometimes during drowsiness or fatigue, 
would be represented at the other end 
of the curve showing the relationship 
between arousal and performance. Tn 
any case, it seems clear that prediction 
of overt response to a given set of stimu- 
lating conditions can be increased in ac- 
curacy when there is knowledge of the 
degree of internal arousal. , 

It appears also that, under similar 
stimulation, individuals differ in the de- 
gree of their arousal and in the speed 
with which they return to their former 
level of functioning. Moreover, there 15 
evidence of consistency in this individual 
variation. Apparently the individual who 
responds with intensity in one situation 
will, on the average, respond with in- 
tensity in other situations also, as com- 
pared with other individuals. While the 
degree of arousal varies with the situa- 
tion, the rank in arousal tends to be pre 
served. Different individuals appear to 
vary around different central tendencies 
—i.e., to differ in responsiveness. ‘The 
easily aroused, or more responsive, indi- 
vidual has been found to show this re- 
sponsiveness in many different forms, 
some of which will be described below: 

For instance, subjects who showed 4 
large number of galvanic skin responses 
when there was no observable stimula- 
tion also showed less adaptation of the 
galvanic skin response (GSR) to 1° 
peated stimulation (33). 
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Similarly, the frequency of the alpha 
thythm in normal adults has been re- 
ported to show a significant relation- 
ship to ratings on the behavioral con- 
tinuum called “primary-secondary func- 
tion” (32). Individuals in whom the 
alpha rhythm was more rapid tended to 
show more “primary functioning,” or 
to be “quick, impulsive, variable, and 
highly stimulable.” Those with rela- 
tively low frequencies of the alpha 
thythm tended to show more “second- 
ary functioning,” or to be “slow, cau- 
tious, steady, with an even mood and 
Psychic tempo. . . .” Mundy-Castle hy- 
Pothetically ascribed these behavioral 
differences to differences in excitability 
Within the central nervous system, the 
_ Primary functioning” individuals show- 
Ing the greater excitability. A difference 
M neural excitability was also suggested 
as the explanation of his finding that 
there was a significant difference in the 
EEG activity evoked by rhythmic pho- 
tic stimulation between subjects with a 
mean alpha frequency above 10.3 cycles 
Sa second and those with a mean alpha 
F equency below that rate.” He of- 
‘cred the same explanation of the greater 
mcidence of “following” 8 in the beta 
range by those subjects showing little 
arin rhythm, even when the eyes were 
h sed, as compared with those subjects 

Owing persistent alpha rhythms (32). 

Gastaut and his collaborators have 
also reported individual differences in 
Cortical excitability (17). While their 
major purpose was not the investigation 
iyi is ‘ believed, f he says, that “electrical 
nee the brain can be initiated or aug- 
Other y a process similar to resonance; in 
Tei Sade, if an area of the brain is sub- 
o rhythmic impulses corresponding to 


Pid latent or actual frequency, it may it- 

ai oscillate for as long as stimulation is main- 

art” (33, p. 319). Tt is thought that the 

konoa also be activated by stimulation har- 
z acally related to its own. 

in th ollowing” refers to electrical responses 


e€ cortex occurring at the stimulus fre- 
Wency, 


of individual differences, they made the 
incidental observation that calm indi- 
viduals had a slow, high-voltage alpha 
rhythm (8-10 c./s.), with little “driv- 
ing” of occipital rhythms by photic 
stimulation. Neurons showed a long re- 
cuperation time, synchrony of response 
was said to be noticeable, and recruit- 
ment poor. “Nervous” individuals, on 
the other hand, were said to have a high- 
frequency, low-voltage alpha rhythm 
(10-13 c./s.), which at times was not 
perceptible. They were described as 
having a short neuronal recuperation 
time, little synchrony of response, good 
recruitment, and considerable driving 
by photic stimulation. In other words, 
“calm” as compared with “nervous” in- 
dividuals showed less cortical excit- 
ability. 

Differences in the EEG’s of differ- 
ent individuals under similar stimulat- 
ing conditions appear to be correlated 
also with differences in another form of 
responsiveness—i.e., differences in the 
threshold of deep reflexes. It has been 
reported that normal subjects with deep 
reflexes which are difficult to elicit 
showed a high percentage of alpha ac- 
tivity and little or no fast activity, 
while those with deep reflexes which 
were hyperactive had little alpha activ- 
ity and a high percentage of fast ac- 
tivity (21). However, while groups at 
the two extremes of reflex responsive- 
ness differed significantly in the percent- 
age of alpha activity, there was wide 
variation in the extent of such activity 
within any one of the groups formed on 
the basis of reflex status. Amplitude of 
rhythm was observed to be greatest in 
EEG records showing pronounced alpha 
pee toe to develop anxiety under 
stress, which may perhaps be regarded 
as a form of hyperresponsiveness, has 
been found, in both normal subjects and 
psychiatric patients, to be associated 
with a significantly smaller percentage 
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of resting brain-wave activity in the 
alpha region when this activity is de- 
termined by automatic frequency analy- 
sis (35). The anxiety-prone groups 
showed more fast activity (16-24 c./s.), 
or more slow activity (3-7 c./s.), below 
the alpha range. The significance of the 
slow activity is not as clear as that of 
the fast activity. Fast activity may be 
presumed to be indicative of a high 
level of excitation. It has been ob- 
served, for example, at the beginning of 
EEG recording in normal subjects who 
are unusually apprehensive about the 
procedure, and it has been found to dis- 
appear with reassurance and the attain- 
ment of relaxation (24). It appears at 
least possible that the slow activity may 
be due to fatigue from previous states of 
intense arousal. 

In an investigation employing prison 
farm inmates, schizophrenics, and con- 
trol subjects, to whom a group of psy- 
chological tests were given, it was re- 
ported that EEG activity above 16-20 
c./s. appeared in significant amounts 
only in the records of those who, as 
rated by the psychological tests, showed 
anxiety to a marked degree (20). Slow 
activity was said not to be very preva- 
lent, but when it did occur, to be found 
most often among the patients. 

These and other studies suggest that 
anxiety-proneness may be conceived of 
as a form of overarousal or hyperre- 
sponsiveness. The EEG’s of the anx- 
iety-prone seem very similar in most in- 
stances to the EEG’s of other subjects 
whose exceptional responsiveness to the 
environment is indicated by active re- 
flexes, or by ratings on “primary func- 
tion.” 

Degree of tension of the skeletal 
muscles is another indicator of respon- 
siveness, or ease and extent of arousal, 
in which differences between individuals 
have been found. In almost every m- 
vestigation in which tension of the 
skeletal musculature has been measured, 
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wide differences between individuals in 
the degree of tension have been noted.® 
In the same stimulus situation, one in- 
dividual would respond with a relatively 
low degree of tension, another with a 
moderate degree, and a third with a high 
degree of tension. Moreover, when ob- 
served in a different stimulus situation, 
the subjects, while varying in their ab- 
solute level of tension, would tend to 
preserve their ranks with respect to ten- 
sion of the muscles. It was thus shown 
that different individuals vary around 
different central tendencies, so that one 
individual might be characterized as be- 
ing in general tense, and another as be- 
ing in general relaxed. / 

In early studies of muscular tension, 
the writer found, in two separate 1n- 
vestigations, that nursery school chil- 
dren showed marked individual differ- 
ences in grip pressure while engaged ae 
various tasks, and that there was a SIS- 
nificant correlation between the s™P 
pressure on one occasion and that on 
another, and during one task and dur- 
ing another (6,7). Grip pressure scores 
were found to be independent of the 
strength of grip as indicated by dyna 
mometer scores, but to be related to rat- 
ings on excitability and on adjustment 
to the nursery school, the tense children 
being rated as more excitable and, 08 
the average, less well adjusted. 

Arnold also found that individuals 
tended to preserve their rank in the 
group with respect to pressure from the 
hand during repetition of the same task 
and during the performance of different 
tasks (2). À 

A study of airplane pilots in training 
revealed that some showed excessive 
muscle tension (pressure on stick an 
on rudder pedal) in both take-offs and 


9 Differences in muscle tension will, for the 
purposes of this discussion, refer to differences 
in pressure exerted by some group of muscles 
or to differences in electric potentials from 
muscles. 
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landings, while others showed little ten- 
sion on either maneuver (39). No in- 
dividuals were: found who in general 
tended to be tense during take-offs 
alone or during landings alone. 

Further evidence that individuals who 
are more highly activated than others 
i one stimulus situation, as indicated 

y tension of the skeletal muscles, are 
more responsive to a wide variety of 
stimuli, is presented in studies by Lund- 
ervold (26). “Tense” subjects, as com- 
pared with “relaxed?” subjects, were 
ound to show more activity in the 
aoe when external conditions were 
the e » as by an increase in noise, 
he “ees of the room temperature, or 
oh eae of certain stimuli which 
he ip or anger. In these per- 
the » there was not only more activity in 
ome muscle, but also electrical ac- 
ae Hcp muscles, including muscles 
Hooned not participate directly in the 
Bi hols gi At the end of thirty minutes 
ols c, fifty per cent of the tense sub- 
lea as compared with none of the re- 
Lea showed more action po- 
TE 3 than they had shown before the 

egan. 
A ad relationship between muscu- 
REA Tia and another form of respon- 
and was earlier shown by Freeman 
oe ot, who found a significant 
mia ion between grip-pressure scores 
TAR ores on the Cason Common An- 
a Test (16). Subjects with higher 
actA scores tended to be more fre- 
Mov y or intensely annoyed—i.e., to 
tefe greater responsiveness of the sort 
ae to as “irritability.” 

ait eee that, on the whole, skele- 
a ele tension in one part of the 
that be to be positively related to 
te tet other parts of the body, though 

Ş a nep between the tension 1n 
Ee : areas may not be very close. 
each re the body more remote from 
i ena or more widely differentiated 

ion, yield tension measures whic 


are less closely related than those which 
are closer together or functionally more 
similar. When tension measures taken 
from different parts of the body, re- 
corded during different tasks, or made 
at widely separated intervals of time, 
nevertheless show a significant positive 
correlation with each other, it must, 
however, be concluded that there is at 
least some degree of “generality” in 
skeletal-muscle tension. Moreover, from 
measuring the responsiveness of the 
skeletal-muscle system, we may appar- 
ently predict to some extent the re- 
sponse of highly integrated systems of re- 
action described as “personality traits.” 
Indeed, in a study in which no direct 
measure of muscular tension was em- 
ployed, but in which ratings on muscu- 
lar tension and measures of sixteen 
physiological variables were intercorre- 
lated and submitted to factor analysis, 
a factor defined as muscular tension 
showed correlation with certain person- 
ality characteristics (36). 

Since conditions of high activation 
may perhaps increase the likelihood of 
disorganization of motor responses, it is 
not surprising that measures of tremor 
and other forms of motor disorganiza- 
tion have been found to be related to 
the severity of conflicts (31) and to 
neuroticism (1, 19, 23, 28, 29, 30). 
Measures of irregularity in pressure ap- 
pear to be among the measures which 
discriminate best between a normal and 
a psychiatric population, a finding which 
might be expected if, as suggested by 
the writer (8) and by Luria (27), it- 
regular pressure tracings are ae ae 
of poor coordination or Jack of contro 


of responses. 


Other indicants of arousal have also 


been shown to be related to more com- 


. For example, 
Jex forms of response: 
it has been said that a reasonably ac- 
icti i ira- 
te prediction of a person's respi 
ae iven time during @ flight 


on the basis of knowl- 
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edge of his “normal” respiratory rate 
and the name of the maneuver to be 
performed (39). 

Similarly, when an “autonomic factor” 
was obtained from twenty physiologi- 
cal measures related to the functioning 
of the autonomic nervous system, it was 
found that individuals differed greatly 
in scores on this factor, but that the 
correlation coefficient between early and 
later factor scores did not drop below 
.64 over a two-year period (38). Chil- 
dren at one extreme of the autonomic- 
factor scores were reported to differ sig- 
nificantly from those at the other ex- 
treme in certain personality traits (37). 

Individuals differ, not only in the de- 
gree of excitation produced by stimula- 
tion, but also in the speed with which 
the processes affected return to their 
prior level of functioning. Moreover, 
differences in recovery time cannot be 
accounted for solely by differences in 
the degree of arousal, for they are found 
when recovery is measured in relation 
to the degree of arousal. Darrow and 
Heath, who first made use of this meas- 
ure, computed a “recovery-reaction quo- 
tient” by dividing the extent of recovery 
in skin resistance by the extent of de- 
crease in resistance which had occurred 
as a result of stimulation (5). The re- 
covery-reaction quotient was reported to 
be related to many different measures 
of “ ‘neurotic’ and emotionally unstable 
tendencies.” The investigators con- 
cluded that it was one of their best 
indicators of the absence of neurotic 
trend, but that the coefficients of cor- 
relation were not high enough to justify 
the use of the measure for prediction in 
individual cases. It would appear that 
the speed of recovery from arousal is an 
extremely significant aspect of response, 
and one which deserves further investi- 
gation. 

Individuals who are exceptionally re- 
sponsive to the environment may show 
their responsivity in behavior which, 
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from a directional point of view, may 
be described in diverse ways. A tend- 
ency toward a high degree of arousal 
does not determine which aspects of the 
environment an individual will approach 
or will have a tendency to approach 
(i.e., have a favorable attitude toward) ; 
nor does it determine which aspects of 
the environment he will withdraw from 
or have a tendency to withdraw from 
(i.e., have an unfavorable attitude to- 
ward). On the contrary, the orienta- 
tion of the individual in his environment 
is determined largely by other factors. 
These are, of course, the factors, both 
genetic and environmental, which have 
given to various aspects of his environ- 
ment the nature of their significance, Or 
their “cue-function.” There are, never- 
theless, differences in the way in which 
approach or withdrawal occurs which 
may conceivably be derived from differ- 
ences in the level of activation. Among 
these appear to be differences in such as- 
pects of behavior as alertness, impul- 
siveness, irritability, distractibility, and 
the degree of organization of responses. 
Moreover, greater responsiveness may, it 
is suggested, facilitate the development 
of aggression or withdrawal, enthusiasm, 
or anxiety. The more responsive indi- 
vidual in a certain kind of environment 
is no doubt more susceptible to the ef- 
fects of that environment. Presumably 
he may become, depending upon circum- 
stances, more anxiety-prone, more CON- 
scientious, more sympathetic, more de- 
voted, or more irascible than a less re- 
sponsive person would become under 
similar circumstances. We should there- 
fore expect to find some association be- 
tween a high degree of activation a? 

easily aroused or intense responses of 
various kinds (e.g., anxieties, resent- 
ments, enthusiasms, or attachments) - 
From knowledge of the individual’s tend- 
encies with respect to activation Wê 
should not, however, be able to pre- 
dict the direction which his behavior 
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would take. A more dependable asso- 
ciation might be expected between in- 
dividual differences in excitability and 
differences in the “dynamic” character- 
istics of behavior such as those men- 
tioned above. 

The effect of a high degree of arousal 
upon overt behavior varies, no doubt, 
with variations in the degree of inhibi- 
tory ability (9), or, as Luria has de- 
scribed it, with variations in the strength 
of the “functional barrier” between ex- 
citation and response (27).° Depend- 
PE upon this factor, a high degree of 
activation may, I suggest, lead to im- 
pene, disorganized behavior or to sen- 
es e, alert, vigorous, and coordinated 
in a to the environment. Evidence 
Pe Dean of these statements is at pres- 
“ ie meager, however, as to leave them 
he he be psa of speculations. It is to 
Provide that further investigation will 
sa e the basis for a more confident 
g atement of the relationship between 
ep dl characteristics and indi- 
K ual differences in the level of activa- 
lon, 

SUMMARY 


Mod concept of arousal or activation 
RaR to be a significant one for the 
Bias ng of psychological data. Differ- 
vine in activation, as shown in a wide 
‘ity A of physiological measures, ap- 
differen be associated with many other 
I neces in response. 

be different stimulus-situations, the 
eat ee differs in the degree of 
ioc | Measurement of the physio- 

al indicants of arousal affords, when 


10 . 

Ness a reports that children show weak- 
ìon and e functional barrier between excita- 
Perform motor response, as indicated by poor 
Presseq a on a test requiring that a key be 
River C OPN 8 slowly as possible (28). The 
es eee ee that, during a discrimination 
With woe younger nursery school children, 
igher egular grip-pressure tracings, had a 

Proportion of their errors in the cate- 


of ‘å $ 
Teact: f ‘impulsive” errors, or errors of over- 
ction (8) 2 


other factors are constant, a direct meas- 
ure of the “motivating” or “emotional” 
value of the situation to the individual. 
The concept serves to break down the 
distinction between the arousal aspect 
of “drives” or “motives” and that of 
“emotion,” and to suggest instead a 
continuum in the degree of activation 
of the individual. 

Differences in activation in the same 
individual are, it is suggested, accom- 
panied by differences in the quality of 
performance; the relationship may be 
graphically represented by an inverted 
U-shaped curve. Further data are 
needed, however, to establish the va- 
lidity of this hypothesis. 

In the same stimulus situation there 
are differences between individuals in 
the degree of arousal. These differences 
tend to persist, and thus to characterize 
the individual. Moreover, the easily 
aroused, or responsive, person shows this 
responsiveness in many forms. It has 
been observed in the ease with which 
deep reflexes are elicited, and in the ex- 
tent, frequency, and duration of reac- 
tions to stimulation, both of the skele- 
tal musculature and of various functions 
controlled by the autonomic nervous sys- 
tem. It has been shown also in differ- 
ences in cortical potentials, which are 
presumably indicative of differences in 
the excitability of higher nerve centers. 
These various forms of responsiveness 
show, in general, positive intercorrela- 
tions, though the coefficients of correla- 
tion are apparently not high enough for 
a measure of any one mode of re- 

i to serve as an adequate 
sponsiveness de 
measure of the general responsivity of 


the individual. They appeal, however, 
to give justification to the conception of 
a responsive oF an unresponsive indi- 
vidual, not merely responsive or unre- 
sponsive skeletal musculature, skin re- 
sistance, OF cortical potentials. 
Differences in arousal are shown also 


jn responses of greater inclusiveness and 
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of higher integration—i.e., in responses 
frequently classified as personality traits. 
Combining with one or another direc- 
tional aspect of behavior, a persistent 
high degree of arousal may, it appears, 
be observed in many complex character- 
istics, such as anxiety-proneness or ag- 
gressiveness. 

Facts such as those presented above 
suggest that the concept of activation 
may prove useful in many different 
areas of psychology. 
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During the past two decades there 
has been a growing interest in objective 
physiological studies of psychiatric pa- 
tients. In this work, one of the most 
prominent psychological concepts has 
been that of anxiety. Although there is 
general agreement that the areas de- 
noted by the term “anxiety” are impor- 
tant ones for study, there is nonethe- 
less considerable disagreement concern- 
ing what the term means. In large 
measure, this semantic difficulty is part 
of a larger problem facing psychology 
today, and that is to find a way out of 
the confusion surrounding the concepts 
of motivation and emotion. Duffy has 
cogently argued that these concepts are 
second-order ones which reduce to pri- 
mary factors of intensity and direction, 
and that along the intensity dimension, 
at least, the distinction between motiva- 
tion and emotion is unnecessary (9, 10, 
Lye 

This is not to say that the directional 
aspect is not important or to deny that, 


1 This paper reviews work which was sup- 
ported by the Medical Research and Develop- 
ment Division, Office of the Surgeon General, 
Department of the U. S. Army, under Con- 
tract Number DA 49-007-MD-626, by De- 
fence Research Board Grant Number 9425-04 
(Canada), and by Grant Number A.P. 29 
from the National Research Council of Canada. 

2The author is indebted to Drs. A. K. 
Bartoshuk, D. Bindra, F. R. Brush, D. E. 
Cameron, D. O. Hebb, and R. G. Stennett for 
criticizing earlier drafts of this paper. 

3I do not wish to imply that this has been 
Duffy’s only theoretical contribution. Her 
writings contain prior reference to a dimen- 
sion of behavioral intensity (conceived as a 
continuum of “arousal,” or “activation”) ; and 
she has previously cited evidence to support 
the argument that physiological measures may 
serve as the chief means of quantifying such 
a dimension or continuum. 
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in terms of direction, meaningful dis- 
tinctions may be made between motiva- 
tion and emotion, and indeed between 
different emotions. However, for pres- 
ent purposes it is essential to focus on 
the question of what these phenomena 
have in common rather than to consider 
their differences; in this paper, there- 
fore, we shall be primarily concerned 
with the intensity dimension. 

The main purpose of the present pa- 
per is to consider recent experimental 
data in an attempt to find a way out of 
the present confusion. I shall begin 
with a summary of two lines of investi- 
gation in our laboratory, dealing first 
with our discovery that certain physio- 
logical measures may serve as indicants 
of intensity or “behavioral arousal.” 
These experiments were performed with 
nonpatient subjects. Second, in sum- 
marizing our investigations of patho- 
logical anxiety in psychiatric patients, 
I shall attempt to use the concept of 
behavioral arousal in an integrative way- 
Third, I shall draw on data from recent 
neurophysiological investigations to in- 
dicate possible mechanisms involved in 
the pathology and etiology of anxiety- 
Finally, on the basis of these theoretical 
considerations, I suggest problems re- 
quiring further experimental study. 


PHYSIOLOGICAL INDICANTS OF 
BEHAVIORAL INTENSITY 


In 1951 we (31) reported finding 2 
gradient phenomenon from electromy0- 
graphic (EMG) recording during mirror 
tracing. Since that time the phenome- 
non has been observed under various 
conditions in our laboratory. Figure 1 
presents mirror-drawing data from 4 
study by Bartoshuk (1), Note that the 
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chin lead (which taps the speech mus- 
cles) also shows a gradient—that is, pro- 
pooey rising muscle potentials from 
Bh Beginning to the end of the task. 
fe (3) found similar gradients 
i. = ve in a size-discrimination 
a he A allerstein (42) found gradients 
ae rontalis muscle in a task about 
m r devoid of motor com- 
a nts as one could possibly design. 
eae aig reclining on a comfort- 
ee 5 listened to verbal material 
alae detective story or essay) pre- 
Waller to him by a tape recorder. In 
ken e experiment, the gradients 
a over ten minutes and their 
e 4 was related to the subject’s 
(2 ed degree of interest in listening 
> P. 228 f.). 

eae (2) was the first to show 
tes ry astest and most accurate sub- 
a. i.e., superior performers on mirror 
Se prodticed the steepest muscle- 
a — gradients. Such a relationship 

G gradients to motivation has 


n 
E 
a 
3 
= 
3 
& 
Q 
= 
= 
S 
=) I \ 
= “| | ACTIVE ARM 
= l 
= / 
q 
50 | 
a 
x | | 
= 
& 40 l 
N / GHIN 
S 
a l ~~ 
ye d, 
R Ca 
3 20 


La ss) Oe 
is PRE 'SIXTHS OF TASK POST 
ents in Graphs showing mean EMG gradi- 

at i Bartoshuk’s experiment (1). Note 
eag Sradient was also obtained from chin 
ee records from muscles of speech. 


been confirmed by three subsequent 
studies, employing tracking tasks. Sur- 
willo (39) demonstrated that raising in- 
centive had the effect of increasing the 
steepness of EMG gradients in a visual 
tracking experiment. Figure 2 presents 
confirmatory data from a more recent 
experiment by Stennett (37) who em- 
ployed auditory tracking under four con- 
ditions, with increasing degrees of incen- 
tive. Note that the muscle potentials 
were recorded from the nonactive, left 
arm. His “exertion” condition merely 
involved the subject’s holding the track- 
ing knob over at a fixed point in order 
to control for sheer physical work. Un- 
der the “calibration” condition the sub- 
ject believed that he was just assisting 
with calibration of the apparatus, and 
that his tracking scores were not being 
recorded. The “optimal” condition was 
designed to motivate the subject suff- 
ciently to elicit his most efficient per- 
formance, whereas the “incentive” con- 
dition was designed to “oyermotivate” 
the subject by offering large bonuses for 
high-level performance and threatening 
with strong electric shock if performance 
did not reach this high level. The dif- 
ferences shown in the figure were sta- 
tistically significant. In brief, Stennett’s 
findings indicated that the most effi- 
cient tracking performance was associ- 
ated with intermediate physiological lev- 
els (i.e, intermediate steepness of 

gradients and intermediate levels of pal- 
mar skin conductance). With lower 
levels of physiological functioning (less 
steep gradients, lower levels of pal- 
mar skin conductance), performance on 
tracking was inferior. However, going 
now to the other extreme, performance 
on tracking associated with extremely 
high EMG gradients and extremely high 
palmar skin conductance was also in- 
ferior to tracking performance associ- 
ated with moderately high levels of 


physiological functioning. 
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Fic. 2. Graphs from Stennett’s experiment (37), showing mean EMG 
gradients obtained under conditions varying in degree of incentive. Steep- 
hess of gradient varies directly with degree of incentive. N = 31. 


If we consider our physiological meas- 
ures as indicants of arousal level, we 
may say that performance suffered in 
the first instance because of under- 
arousal (or poor motivation), while in 
the second instance it suffered from 
overarousal (or emotional interference). 
In short, as Stennett has previously 
stated (37), we believe that the concept 
of arousal leads us in the direction of 
working out (empirically) a continuum 
of behavioral intensity which promises 
to have the very desirable feature of in- 
tegrating the concepts of motivation and 
emotion. From available data it ap- 
pears that physiological measures, such 


as palmar skin conductance, EEG * and 
gradients in skeletal muscle tension, 
heart rate, blood pressure and respira- 
tion (26) should provide reliable meas- 
ures of the arousal variable. The ob- 
jective nature of the physiological meas- 
ures is a highly desirable feature which 
frees the worker from dependence upon 
merely manipulating situations in the 

*Stennett (38) has found that the relation- 
ship of alpha amplitude to arousal level is 
nonlinear. On the lower end of the arousal 
continuum the relationship is positive, such 
that raising arousal leads to increasing alpha 
amplitude; but past the middle range of 
arousal the relationship becomes inverse. This 
latter function is the better known one. 
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hope that he is producing intended 
changes in the arousal level of his sub- 
Jects. Moreover, the physiological in- 
dicants have the further advantage that 
they may be applied to work with ani- 
mals as well as with human subjects, 
cA may thus serve usefully to bridge 
; e gap, in the field of motivation, be- 
ween work on human and on infrahu- 
man subjects. 
ai a word should be said concerning the 
ae physiological measures which 
ae ope as indicants of behavioral 
ae . Although gradient steepness has 
rine a very useful measure, level of 
Pci skin conductance seems equally 
with e As a matter of fact, even 
a me the correlation between av- 
is E a level and gradient steepness 
i oN ly so high that it is meaningless 
still h which is a better indicant. We 
Silica much to learn concerning the 
as ee of physiological techniques 
ae problems. It may be that, as 
ecient work suggests (23), for most 
consid € assessment of arousal, special 
vi NA should be given to indi- 
of diff ifferences in relative reactivity 
en a physiological systems. 
a mit the usage of Freeman (15) 
ae pga (18), the term “arousal” is 
fn © refer to the intensive dimension. 
wA ae that the term “arousal” is 
flattens, some EEG workers to denote 
ing of an EEG tracing (eg., 8, P- 
a ara hen I use the term, I use it in 
Si broader sense, as a dimension of 
to ay and I am not using this term 
a. to the EEG phenomenon called 
teaso sal” or “activation.” It is for this 
in he that I specify behavioral arousal 
RA = title of this paper. As investiga- 
tistig o proceeds, it may become heu- 
Ween o make a definite distinction be- 
ioral j physiological arousal and behav- 
we casity Granting this possibility, 
áy RE that for present purposes it 
road e preferable to accept 4 rather 
Operational definition of the in- 
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tensity dimension, in which level of 
physiological activity, arousal, and in- 
tensive level are employed as roughly 
synonymous terms. 

In short, the physiological measures 
appear to be useful tools in establishing 
and precisely quantifying a dimension of 
behavioral intensity. Indeed, I regard 
such objective measures as nearly indis- 
pensable to the achievement of a really 
satisfactory operational definition of be- 
havioral intensity. In the absence of 
such objective measures, it is difficult to 
see how circularity can be avoided. Con- 
siderable work is required, of course, in 
working out the intensity dimension, and 
while present results are indeed encour- 
aging, many further data are required. 
It may be helpful just here to relate the 
arousal continuum to the intensity di- 
mension which Boring described (4). 
While Boring’s main concern was with 
sensation, I believe that it is appropriate 
to consider that operations of measure- 
ment comparable in precision to those 
of psychophysics may be possible in the 
field of action. 


EXPERIMENTAL STUDIES WITH 
PSYCHIATRIC PATIENTS 


Having elucidated the concept of 
arousal with these reference experi- 
ments, we are now in a favorable posi- 
tion to take a fresh look at the data 
comparing patients and nonpatients with 
respect to level of physiological reaction 
under controlled stimulating conditions. 
At the outset, we may say that the chief 
impression which one gets in going over 
all of these data is that, under “stress, 
psychoneurotic patients appeared to 
show a higher level of physiological re- 
action than controls, and that level of 
reaction seemed particularly high in pa- 
tients suffering mainly from pathogen 
cal anxiety. BY pathological anxiety, I 
mean a state of such severity that work 
efficiency is seriously affected over long 
periods of time, and a state which is 
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characterized by one or more of the fol- 
lowing complaints: persistent feelings of 
“tension” or “strain,” “irritability,” “un- 
remitting worry,” “restlessness,” “inabil- 
ity to concentrate,” “feelings of panic in 
everyday-life situations.” I should like 
to make it very clear that I do not em- 
ploy the term “anxiety” to refer to 
transient affective states. When I use 
the term I am talking about a patho- 
logical condition which—as far as we 
can determine—develops slowly, over 
months or years, and from which re- 
covery (when it occurs) is also slow 
and gradual. The experiments which 
we shall consider in this section em- 
ployed patients suffering from “patho- 
logical anxiety,” as we have just defined 
it. For the sake of convenience, these 
subjects will be called “anxiety pa- 
tients.” 

In a study with pain as standard 
stimulus (27), the following physiologi- 
cal measures showed significantly greater 
reaction in anxiety patients than in other 
psychiatric patients: finger movement 
(and number of voluntary pressures to 
indicate pain), neck-muscle activity, 
deviation in amplitude and rate of res- 
piration throughout the test, respiratory 
irregularities occurring at time of stimu- 
lation, and heart-rate variability. In a 
different study (29) with a perceptual 
test and a Luria-type recording from 
the left hand, finger movement was sig- 
nificantly more irregular in anxiety pa- 
tients than in other psychiatric patients. 

To repeat an earlier statement, these 
findings indicate that under standard 
conditions of stimulation psychoneurot- 
ics are more reactive than controls, and 
that patients with anxiety predominat- 
ing in the symptom picture are the most 
responsive of all. 


Need for “Standard Stress” in Demon- 
strating Differences Between Patients 
and Controls 
Another question which we sought to 

answer was whether a certain level of 
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arousal must be reached in order to 
demonstrate differences between patients 
and nonpatients or whether such differ- 
ences could be obtained under resting, 
“basal” conditions. From reviewing the 
literature prior to conducting our own 
experiments, we were led to suspect that 
some stimulation would be necessary be- 
cause experiments which had been car- 


-ried out under resting conditions had 


usually yielded negative or inconclusive 
results. 

Our findings did indeed clearly show 
that, in differentiating between patients 
and controls, some form of stimulation 
was definitively superior to merely tak- 
ing records under resting conditions. 
This has been demonstrated for blood 
pressure (28, p. 89), for muscle poten- 
tials in motor tasks (31, p. 54 and pp- 
59 ff.), and again for muscle potentials 
in two separate investigations of startle 
(30, p. 327; 7, p. 181). The only meas- 
ure which we have found to discriminate 
well between patients and controls under 
“resting” conditions was frontalis-muscle 
potentials (33). However, we know that 
“resting” conditions associated with a 
testing session are by no means basal, 
and that—for example—significantly 
lower blood-pressure readings may be 
obtained from patients resting quietly 
on the ward than in the so-called “rest- 
ing” condition of our experiments (32): 

“Specific” vs. “nonspecific” stimulat- 
ing situations. In producing higher lev- 
els of arousal in patients, is it necessary 
to present material to which patients 
are specifically sensitized or is it pos- 
sible to demonstrate the difference be- 
tween patients and controls by employ- 
ing the same standard stimulating situa- 
tion for all subjects? Our experiments 
clearly show that the latter is true. It 
is not necessary to present the patients 
with words or situations which have spe- 
cial meanings for them in order to PIO" 
duce more arousal in them than in con- 
trols. 

As an example of a “specific-com- 
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plex” technique of producing high-level 
arousal, Luria (25) employed the method 
of controlled association in which he 
compared motor reaction to “critical” 
words (those which were especially 
ee for the subject because of their 
oo with specific life experiences) 
s peesaite to indifferent words. Our 
ee on the other hand, were 
=e e for their general arousal value, 
aa e ought to avoid situations which 
E have special meaning for particu- 
individuals. 

an this point especially in mind we 
aes our standard situation of pain- 
A nation; because of the nearly 
i z avoidance reaction to pain. In 
anne permit more generalized con- 
aoe s, we also employed standard 
oe = other than pain. One study 
fea ae interest because we repro- 
Bas e essential features of Luria’s 
Ris he only substituting a series of 
Pe enone for the series of 
Blbyed stimulations which Luria em- 
oad Conclusions from these 
eet ents were as follows. All meas- 
Soon motor activity recorded during 
tion yi fn, of speeded size discrimina- 
Datients ed reliable differences between 
an s and controls. In every instance 
Pai ves evidence of greater physio- 
ee isturbance in the patients. „The 
ae ities employed may be distinguished 
Bi etal-motor (motor control, muscu- 
on) and autonomic (systolic 
ane Pressure). These differences 10 
ane eee were manifested even 
fas ea hate acute psychot- 
ae eae were practically identi- 
am respect to perceptual perform- 
Ree results led us to question cer- 
ee concerning determinants of 
an ee levels in psychoneurotics. 
R > current writing there 1S the un- 
he = assumption that physiological 
i se ances in the psychoneurotic can 
sity Ccounted for entirely in terms 0 
ational explanations. These writers 
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assume that there is no need to look for 
pathology in central and motor mecha- 
nisms, because they believe that amount 
of physiological disturbance is com- 
mensurate with the special significance 
which the situation has for the patient. 
Implied in this view is the assumption 
that only those stimuli which, through 
learning, have acquired special meaning 
for the patient have the power to pro- 
duce an “abnormal” level of arousal. 
Tt assumes that the patient may partici- 
pate in many situations without show- 
ing abnormally high levels of physio- 
logical reaction. 

However, this view may well be ques- 
tioned because it does not appear to fit 
with clinical observations. Cameron has 
written as follows: 


It will be noted that nearly all such patients 
[with anxiety states] complain that they can- 
not go into crowded places or into any situa- 
tion where sustained efforts will be required 
of them. Their symptoms are made more 
severe by anything which elicits emotional re- 
actions, such as altercations or participating in 
a discussion of illness. Nearly all find, at least 
at first, that their symptoms are increased by 
visiting their former places of employment or 
meeting fellow-workers. In other words, their 
symptoms are exacerbated by anything which 


serves to increase tension. Emphasis should 


be placed upon the fact that their symptoms 
are elicited or intensified, not primarily by the 
reactivation of any conflict situation which 
may exist, but literally by everything in the 
course of the day which serves to increase 
tension (5, PP- 56-57. Italics mine). 


In therapy, relaxants of various kinds 
are devised to “damp” the “autono- 
mous” reaction before proceeding with 


psychotherapy (41). ‘ 
Strong auditory stimulation. Strong 


auditory stimulation served as another 
and very different kind of standard 


stimulating situation for comparing pa- 
tients and controls. Two separate stud- 
ies, the first one (30) with induced ten- 
sion (produced by squeezing a rubber 
pulb), and the second (7) without in- 
duced tension and with a less intense 
stimulus, agreed in showing that the 
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most reliable difference between anxious 
patients and controls was in “after-re- 
sponse” following the period of primary 
reflex-startle reaction. 


NEUROPHYSIOLOGICAL CON- 
SIDERATIONS 


In the interpretation of our findings 
in the experiments on strong auditory 
stimulation (7, 30), we cited the paral- 
lel between these observations on pa- 
tients and findings in neurophysiologi- 
cal experiments on the reticular forma- 
tion. In certain animal preparations, 
after-discharge in the cerebral cortex 
was abolished by stimulation in the 
reticular formation of thalamus (20) 
and brain stem (35). We believe that 
it is reasonable to suggest that some 
such inhibitory mechanism (as the one 
which abolished after-discharge) may 
be weakened in pathological anxiety. 

Having implicated inhibition, we are 
required to examine this concept criti- 
cally for a moment. Although there is 
by no means complete agreement on the 
matter of inhibitory mechanisms in the 
central nervous system, present evidence 
appears to point more and more in the 
direction of inhibition as a phenomenon 
in its own right, independent of excita- 
tion (i.e., not merely absence of excita- 
tion). 

Of the current theories of inhibition 
known to me, Eccles’ view seems most 
reasonable (12). Eccles and his co- 
workers developed a technique for plac- 
ing a microelectrode within a single 
spinal motoneurone, and they were thus 
able to observe the electrical potential 
between the inside and the outside of 
the cell. They observed that when they 
stimulated an inhibitory nerve fiber it 
increased the polarization of the nerve 
cell on which it ended. Eccles called 
this effect “hyperpolarization,” which, 
electrically is the opposite of what oc- 
curs when a nerve cell is fired (depolar- 


ized). 
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While Eccles’ work was done on cells 
in the spinal cord, it nonetheless seems 
reasonable to suggest that the reticular 
formation could produce widespread in- 
hibition in the cortex by hyperpolariz- 
ing cortical cells. Because the study of 
neuronal discharge in the cortex is a 
new field of research, sufficient data to 
decide this point are not at hand. But 
data which are presently available seem 
to be in line with the proposition that 
some impulse arriving in the cortex may 
have facilitatory effects, while others 
may produce opposite results (21, Fig. 
19, p. 62). 

If Eccles’ theory is essentially cor- 
rect we may work with inhibition as 
an independent process, and seek to un- 
derstand the pathology of anxiety in 
terms of weakened inhibition. To make 
matters more concrete, we may draw on 
Eccles’ hypothesis of a chemical trans- 
mitter for inhibition (12, p. 163) and 
on the recent experimental work of El- 
liott and Florey (13) to suggest that, in 
anxiety, the effectiveness of this sub- 
stance has been reduced. 


THE PROBLEM oF ETIOLOGY 


The disorder of pathological anxiety 
may be conceived of almost entirely in 
terms of constitutional factors. It 15 
logical to consider that certain indi- 
viduals may inherit a deficient inhibi- 
tory mechanism. Such a person woul 
consistently suffer from inability to re- 
lax throughout life, and would be seri- 
ously limited in the amount of stimula- 


5 Recent findings, although supporting Ec- 
cles’ main conclusions, suggest that the phe- 
nomenon may be somewhat more complex 
than he originally supposed. The observations 
of Kuffer and Eyzaguirre (22) on inhibition 
of stretch receptor organs in crustaceans indi- 
cate that the polarity of the “inhibitory pO- 
tential” varies with the state of the cell. 
When the cell is depolarized, an inhibitory 
volley causes polarization; when the cell is 
resting, an inhibitory volley causes depolariza- 
tion. 
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tion that he could withstand. In such 
a case the constitutional weakness, rather 
than learning, would be the primary 
factor in etiology. While constitutional 
differences of genetic origin may account 
for degree of predisposition to the patho- 
logical condition of anxiety, clinical evi- 
dence stands against a purely genetic 
etiology. The fact that such a large 
number of patients recover from anx- 
iety states (17, 34) argues against a 
purely genetic-constitutional explanation 
of pathological anxiety. 

Declining the genetic-constitutional ex- 
pension of anxiety implies that learn- 
gh mee nians are somehow involved 
decd pathology. In order to under- 
i pe the full implications of this point 

view, it is helpful to consider that de- 
Sree of arousal is not a “given” in the 
ee situation. The same stimu- 
facet maar may produce quite dif- 
difte evels of physiological reaction in 
ie rent persons, depending upon the 

ects of past learning. We may com- 
lh erage with respect to their 
ere. IER reactions in a large num- 
ie of different situations. We may find, 
the aed that a certain person gen- 
oh y shows significantly higher levels of 
fie reaction than most other 
fan uals. If this person can avoid 
S ating situations with high-arousal 
e he appears no different from 
as TS. However, in ordinary, every- 

y living, it is unlikely that he will be 


6 
aay reader will recall that in, our physio- 
tempt Peg of psychiatric patients we at- 
which h to avoid experimental situations 
dividu oe special meanings for particular in- 
we si s. In an earlier section of this paper 
i erred to these situations as “nonspecific.” 
cee eae that an anxiety-prone individual, 
state ( e actually develops the pathological 
show ang after he recovers from it), will not 
cific igher arousal levels in such “nonspe- 
seus ne situations. The stimulating 
erent ‘Ie, referred to as producing quite dif- 
erent levels of physiological reaction in dif- 
“Snood Petsons are, of course, what we called 
ific” in the earlier section of this paper. 


able to avoid such situations, and he 
will, therefore, be more or less con- 
stantly operating at physiological levels 
which are higher than normal. We may 
conjecture that in such a case in which 
stimulation keeps physiological levels 
constantly very high, over a long pe- 
riod of time there will be a weakening 
of inhibitory mechanisms from overuse. 


FURTHER CLINIcAL-EXPERIMENTAL 
CONSIDERATIONS 


Anxiety in combat. If our theory is 
correct, anxiety may be considered as a 
“disease of overarousal” (or in Selye’s 
[36] terms, a disease of “adaptation”). 
That is, the critical neural change is 
thought of as being produced by a proc- 
ess of attrition from excessive and ex- 
tended overarousal. It would not mat- 
ter whether this overarousal were pro- 
duced in an individual whose previous 
learning made him more prone to over- 
arousal, or whether the individual were 
anxiety-resistant from past training, and 
was simply “overexposed” to situations 
(like battle) that everyone reacts to 
with extremely high physiological levels. 
With this view we can readily under- 
stand why under battle conditions each 
soldier would have his “breaking point,” 
and why despite resistance to over- 
arousal from constitution and previous 
learning, if situations of high-arousal 
level are repeated over a long enough 
time period, the critical change will 


finally occur. This seems to be the pic- 


ture which emerges from studies of anx- 


iety in combat (16, pP- 85 ff.). 
Inhibitory Deficiency in Anxiety and in 
Manic States 
From the clinical pont of me 
6, P- 388) has drawn atten- 
Ganr P ninence of overactivity 


tion to the pro tivi 
in the anxiety states. Cameron 1s 1m- 
clined to pelieve, however, that the 


manic state best represents “pure Ver 
facilitation,” jn comparison with anx- 
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iety, which he has described as “curbed 
overactivity.” In drawing this compari- 
son, Cameron was influenced by his 
careful observation of body movements. 
He found that the typical anxious pa- 
tient was restless and in constant move- 
ment, but that he did not have the open, 
wide, flung-out movements of the manic. 
In general, the movements of the anx- 
ious patient remained within the body 
silhouette.” 

The internally generated manic over- 
activity (“pure overfacilitation”) could 
reasonably be accounted for by positing 
increased activity of facilitatory mecha- 
nisms. 


PROBLEMS FOR FURTHER STUDY 


The line of reasoning followed in the 
present paper suggests certain hypothe- 
ses which might be put to experimental 
test. In the first place, longitudinal 
physiological study of patients suffer- 
ing severe states of anxiety should re- 
veal changed physiological reaction un- 
der conditions of standard stimulation. 
That is, during performance of a motor 
task—for example, palmar skin con- 
ductance—electromyographic gradients 
and other physiological indicants of 
arousal should show decline when the 
patient is in remission, and should show 
increase again with relapse and return 
of the anxiety. This is a straightfor- 
ward kind of investigation which one 
might suppose had already been under- 


7OỌn the surface, this appears incongruous 
with the notion of weakened inhibition. How- 
ever, we may account for this constrained 
appearance of inhibition by suggesting the 
substitution of less efficient mechanisms of 
inhibition for the one which has suffered im- 
pairment. It may be, for example, that anx- 
iety patients compensate for weakened au- 
tonomous mechanisms by calling on voluntary 
motor mechanisms (i.e. the pyramidal mo- 
tor system). For example, in the absence of 
sufficient control from autonomous inhibitory 
mechanisms, the anxiety patient may avoid 
loss of motor control through co-contraction 
of antagonistic muscles. 
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taken. However, as far as I am aware, 
the study has not been carried out with 
anxiety states in the way proposed. 


Anxiety and Learning 


Physiological measures of- arousal 
should prove valuable in learning ex- 
periments in which anxiety has been 
studied as a variable (14). For ex- 
ample, workers have employed question- 
naires and scales (e.g., the Taylor scale 
[40]), to select subjects high in “anx- 
iety.” The chief purpose of such ex- 
periments has been to compare the 
learning speed of subjects scoring high 
on such a scale with other subjects scor- 
ing lower on the scale. It would appear 
that physiological measures could be 
applied to such problems with consid- 
erable advantage. Subjects who would 
probably react at high physiological lev- 
els could still be selected with the scales 
as an initial screening device; but 
physiological measurements could then 
be applied to provide actual values to 
place each subject on a continuum. 
Such methodology would appear promis- 
ing in providing a continuous variable 
(i.e., physiological intensity, or arousal) 
for study in place of the rather dubi- 
ous anxiety-nonanxiety dichotomy, and 
would have other advantages. For ex- 
ample, a low scorer on the scale might 
be temporarily upset, and so be misclas- 
sified in an experiment unless his actual 
physiological measures were available 
on the day of the experiment. 


Research with Reserpine and Chlor- 
promazine 


Patients exhibiting anxiety as the pre- 
dominant symptom have been reported 
to improve significantly following the 
administration of reserpine and chlor- 
promazine (19). It should prove illumi- 
nating to study the effects of such drugs 
on physiological reaction of anxiety pa- 
tients under controlled stimulating con- 
ditions. For example, with administra- 


| 
| 


ANXIETY AND BEHAVIORAL AROUSAL 285 


tion of these drugs, would the elec- 
tromyographic reaction of patients to 
strong auditory stimulation resemble the 
normal reaction more closely (show less 
after-response) than in the absence of 
the drugs? 

It would likewise be of interest to de- 
termine the effect of such drugs on lev- 
els of physiological reaction in anxiety 
patients under conditions of moderate 
stimulation, such as those in our experi- 
ments with pain and with performance 
ee: Would drug administration bring 
€vels of physiological reaction down 
Close to normal values under these con- 
ditions? 

Sig a matter of fact, our experiments 
1th psychiatric patients were performed 
Prior to the full development of the con- 
€pt of an intensity continuum in be- 
avior, measured in terms of EMG 
peels, level of palmar skin conduct- 
ie and other such physiological indi- 
ee It would be highly desirable, 
ane na to apply these more refined 
RR ogical measures to the study of 
aie y patients. Do they, in fact, show 
ont EMG gradients than normals in 
eed and are these gradients re- 
flu _in slope with administration of 
Pine and chlorpromazine? 


P ; 
řoposed Animal Experiments 


ertain aspects of these problems may 
EaR advantageously studied with 
AONE subjects. Studies of “experi- 
del (2 neuroses,” as reviewed by Lid- 
5 4), have shown that it is possible 
as chronic states characterized 
ne ysiological deviation. For present 
ty it would be desirable to em- 
tive] a form of stimulation which effec- 
Bion i maintains high levels of physio- 
titties reaction over long periods of 
matte For (Our purposes it would not 
ae r particularly how the stimulation 
aS Produced; the main requisite is that 
nti Physiological levels be recorded 
nuously over days and weeks. 


The main purpose of such an experi- 
ment would be to determine whether 
keeping physiological levels constantly 
high would finally produce “anxiety” in 
animals (i.e., animals with raised physio- 
logical levels in standard test situations). 
If such experiments did turn out posi- 
tively, valuable animal “preparations” 
would be available for neurophysiologi- 
cal and pharmacological studies. 

Such a “preparation” might be used, 
for example, to determine whether in- 
hibitory effects from stimulation in the 
reticular formation are weaker than in 
normal animals. We might even con- 
ceive of an experiment paralleling the 
ones which we carried out with human 
subjects. It would seem possible to im- 
plant electrodes in the reticular forma- 
tion to search for areas which fire in- 
hibitory impulses to the cerebral cortex 
following strong auditory stimulation. 
Furthermore, pharmacological investiga- 
tion (13) might be directed to the ques- 
tion whether there is an inhibitory sub- 
stance in the brain which becomes dilute 
with long-continued overarousal. 


SUMMARY 


The main purpose of this paper is to 
consider some recent experimental data 
which suggest a way out of the present 
confusion surrounding the concepts of 
motivation, emotion, and anxiety. Two 
lines of investigation, each employing 
physiological methods, are examined. 
In one experimental program, measures 
such as steepness of muscle-potential 
gradients and Jevel of palmar skin con- 
ductance were found to be useful indi- 
cants of arousal level. The results of 
several experiments demonstrated signifi- 
cant relationships between such physio- 
logical indicants and excellence of per- 
formance on various motor tasks, such 
as mirror tracing and tracking. In this 
empirical setting, problems of soar 
ship between concepts of motivation anı 
emotion are reconsidered. 
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The arousal concept is then applied 
to the problem of pathological anxiety 
in psychiatric patients. The earlier re- 
sults from physiological studies carried 
out with psychiatric patients as subjects 
are reviewed in the light of the more 
recent work on physiological indicants 
of arousal. Considerable confusion has 
arisen because the term “anxiety” has 
been used to denote two quite different 
states of the organism: (a) any increase 
in level of arousal, however brief the 
rise (or however selective the stimu- 
lating condition); and (b) a patho- 
logical state in which the patient ap- 
pears chronically overreactive (physio- 
logically) to every stimulating situation. 

It seems reasonable to restrict the 
term “anxiety” to the chronic patho- 
logical condition. Results from physio- 
logical studies carried out with patients 
suffering this pathological condition in- 
dicated that standard stimulation (or 
“stress”) accentuated the differences in 
arousal between anxiety patients and 
controls. Under resting conditions such 
differences were usually insignificant. 
On the basis of the data reviewed, cer- 
tain hypotheses concerning the nature 
and etiology of pathological anxiety are 
tentatively advanced. It is suggested 
that anxiety may be produced in an in- 
dividual (in animal as well as in man) 
by keeping level of arousal very high 
over long periods of time. Finally, re- 
cent neurophysiological findings are cited 
in stating the hypothesis that such con- 
tinuous overarousal may result in im- 
pairment of central inhibitory mecha- 


nisms. 
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OPTICAL MOTIONS AND TRANSFORMATIONS AS STIMULI 
FOR VISUAL PERCEPTION * 


JAMES J. GIBSON 


Cornell University 


How do we see the motions of objects 
in the world around us? The way to go 
about answering this question is to note 
the kinds of physical motion that occur 
in the human environment and then to 
examine the kinds and variables of opti- 
cal stimulation that correspondingly oc- 
cur. The isolation and control of these 
variables with suitable optical apparatus 
will make possible an experimental psy- 
chophysics of kinetic impressions. The 
desirability of such a psychophysical ap- 
proach has been pointed out in an ear- 
lier paper (4) and the following pro- 
posals modify or make explicit a num- 
ber of suggestions there made. 


DISTINCTION BETWEEN Puystcat Mo- 
TIONS AND OPTICAL MOTIONS 


Ever since Isaac Newton supposed 
that the motions of things revealed the 
forces behind them and thereby the 
causes of all events, physics has been 
concerned with the observation of mo- 
tions. The beauty of the idea for phys- 
ics is that it applies to all things: stars 
and planets; stones, machines, and ani- 
mals; particles and atoms. Of these 
motions, however, only a certain class is 
the concern of perceptual psychology. 
The things whose motion is visible are 
substances which, in the first place, dif- 


1This essay is part of an address entitled 
Stimulation and Perception delivered by the 
author in September 1955 at San Francisco as 
retiring president of the Division of Experi- 
mental Psychology, APA. The film which ac- 
companied it, and serves to illustrate this pa- 
per (5), was produced with the support of 
the Office of Naval Research under Contract 
NONR 401(14) with Cornell University, which 
is concerned with research on the perception 
of motion and space. 


ferentially reflect or emit light and, in 
the second place, are not either too far 
away or too small. The motion of the 
wind is invisible because gaseous sub- 
stances transmit light instead of reflect- 
ing it. The motion of the heavenly 
bodies is invisible because their angular 
change of position is too small per unit 
of time. And the motion of microscopic 
bodies is invisible because their bounda- 
ries reflect an optical texture too small 
for the eye to resolve. But the environ- 
ment of man contains an enormous va- 
riety of surfaces which do project focus- 
able light to his eye, and these are the 
bodies the psychologist must be inter- 
ested in. For when they fall, rise, turn, 
roll, bend, flow, twist, writhe, stretch, 
or break, an eye can register this event 
and the animal possessing the eye can 
respond to it. 

We may observe that physical mo- 
tions can be classified as rigid or non- 
rigid, the former being characteristic of 
crystalline substances and the latter of 
elastic or fluid substances. Rigid physi- 
cal motions are exemplified in mechan- 
ics; they are analyzable into components 
of translation and rotation on or aroun 
any of three axes, and they have been 
studied since the time of Newton. Non- 
rigid physical motions are exemplified in 
biology since the growth and also the 
reactive movements of living animals 
are generally of this sort (10). 

The motions of the physical environ- 
ment might also be classified as c0”- 
nected or nonconnected, In the former 
the parts of the moving substance re- 
main adjacent, even if not rigid, whereas 
in the latter they do not and are not 
even considered parts of the “same” 
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substance. Instead they are treated as 
separate motions of different objects. 
The separations and fusions, attractions 
and repulsions, or collisions of things, 
animals, and people are all of this sort. 
Physical motions are given to an eye 
only in the form of optical motions. An 
optical motion is an event in the optic 
array, that is, in the light reflected from 
an illuminated environment to an eye 
or, rather, to any position in the air 
Where an eye might be placed (7). An 
eye is an organ for exploring an optic 
array. The solid sector of this array 
which an eye takes in is the basis of 
Patterned vision; neither objects nor 
their motions could affect the eye except 
by means of it. External motion can 
be seen only if some differentiated part 
of the array is displaced relative to the 
rest of it, or to some other part, or if 
Parts move relative to one another. 
There has to be some change of its pat- 
tern, considered as a projection to a 
Point, 
i An optical motion, then, is a projec- 
tion in two dimensions of a physical 
ROLI The pro- 
jection may be taken either as on the 
Surface of a sphere centered at the eye 
or as on a plane in front of the eye. 
hen locomotor movements of the ob- 
Server are to be considered, the former 
a preferable (8), but when, as here, 
hey are not involved, the plane projec- 
tion is better. The one can be con- 
verted into the other if necessary. Our 
question is, What kinds of optical mo- 
oi occur which might serve as stimuli 
Or perception? 


Kinps AND VARIABLES OF 
OPTICAL MOTION 


atow can optical motions be described 
specified? The question has to do 
ie the motions of a texture or pat- 
i n in a two-dimensional array. Ten- 
atively, there seem to be two general 


possibilities. First, one could divide the 
pattern into convenient elements, de- 
scribe the positions of all the elements 
by pairs of coordinate values, and finally 
describe the motions of all the elements 
by the successive pairs of values. Or 
one could describe the motions of the 
elemenis by direction and speed at suc- 
cessive moments of time. This pro- 
cedure is analytical. Second, a non- 
analytical method of specifying optical 
motions is possible. One could simply 
take the pattern as given, and then 
use the operation defining a perspective 
transformation in geometry to describe 
a family of changes of pattern. This 
method does not exhaust all the varieties 
of optical motion, as will be evident, but 
it has advantages for an experimenter 
who needs to produce an artificial opti- 
cal array. 

Continuous perspective transforma- 
tions. In geometry, any form or pat- 
tern on one plane which is a projection 
of a form or pattern lying on some other 
plane is called a perspective transforma- 
tion. These forms are static. When the 
point of projection (the focus of the 
sheaf of lines which connect the pair of 
forms, point for point) is near the two 
planes, we speak of a central or polar 
projection; when this point of projection 
is at a very great distance from the 
planes, we speak of a parallel projection. 
(It may be useful to recall that the 
“plans” and “elevations” of an architect 
are cases of parallel projection, but that 
his drawing for the client’s eyes is a 
case of polar projection. This latter 15 
the case we are chiefly concerned with.) 
When the two planes are parallel, the 
difference between the projected form 
and the given form is one of size only; 
it is called a similarity transformation. 
When the two planes are not parallel, 
the difference petween the forms is that 


to which common meaning applies the 
ter “perspective,” or sometimes the 

see roreshoriening.” pl” geometry, 
tary AE porter Bs g 
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both the difference of size and that of 
shape are classed as perspective trans- 
formations. 

We can now speak of motion. When 
the angle or the distance of the first 
plane relative to the second plane is al- 
tered, the projected form is correspond- 
ingly altered. The fact is that the rela- 
tion between any earlier and any later 
projected form is also a perspective 
transformation. The relation holds be- 
tween any two of its stages in times. 
Hence, the motion in question may be 
described as a continuous series of per- 
spective transformations. It is a rela- 
tion between a temporal series or family 
of static forms, not merely between two 
forms. Any such moving transformation 
can be analyzed by six parameters cor- 
responding to the six components of the 
possible movements of the first plane— 
that is, three of translation and three of 
rotation. 

Families of continuous perspective 
transformations. It can now be ob- 
served that all optical motions resulting 
from the rigid physical motions of the 
flat face of an external object are con- 
tinuous families of perspective transfor- 
mations, as defined above. These are 
optical motions as taken on a plane in 
front of the eye. The six parameters of 
optical motion can be visualized as (a) 
vertical translation of the pattern in the 
plane, (b) horizontal translation of the 
pattern, (c) enlargement or reduction of 
the pattern, (d) horizontal foreshorten- 
ing of the pattern, (e) vertical foreshort- 
ening of the pattern, and (f) rotation of 
the pattern in the plane. 

These parameters of transformation 
are for the case of a polar projection. 
As the focus of projection is taken at an 
increasing distance from the two planes, 
one approaches the case of a parallel 
projection. For the latter case, three of 
the six parameters have been altered in 
character, namely (c), (d), and (e) 
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above, while (a), (b), and (f) remain 
unaltered. Enlargement or reduction of 
the pattern has vanished; horizontal 
foreshortening becomes a mere horizon- 
tal flattening; and vertical foreshorten- 
ing becomes vertical flattening. 

These “pure types” of optical motion 
can be observed on a motion picture 
screen (5). An irregular or regular con- 
tour shape or an irregular or regular 
group of spots can be made to undergo 
continuous perspective transformations, 
and the observer can note the various 
types of motion in the plane of the 
screen. One can note, for example, that 
in types (d) and (e) a square is trans- 
formed into a trapezium with polar pro- 
jection, but is transformed into a flat- 
tened rectangle with parallel projection. 
The interesting fact, however, is that for 
types (c), (d), and (e) with polar pro- 
jection it is very dificult to notice the 
motion in the plane. Instead, one sees 
a sort of “virtual” object or surface 
which (c) moves toward or away from 
the screen, (d) rotates on its vertical 
axis, or (e) rotates on its horizontal 
axis. One sees, in other words, rigid 
motion in depth. The suggestion is that 
the parameters of transformation are 
stimuli for the phenomenal parameters 
of the motion in space of one face of an 
object. , 

The rotations in depth are similar 9 
some respects to the kinetic depth ef- 
fect obtained by Wallach (14). Such 
effects have been observed for Lissajous 
figures (3), and long ago for the silhou- 
ette of a rotating windmill against the 
horizon (1, p. 270). All these apparent 
rotations are said to be characterized by 
ambiguity as to the direction of rota- 
tion, and by spontaneous reversals in the 
direction of rotation. The apparent ro- 
tations shown in the film, however, are 
not characterized by ambiguity or Te- 
versals of direction when the transfor- 
mations are those obtained with polat 
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projection, but only when the transfor- 
mations are those obtained with paral- 
lel projection. 

A psychophysical experiment has been 
performed on the degree of perceived 
semirotation in depth as a function of 
the transformation sequence (6). 


APPARATUS FOR PRODUCING CONTINU- 
OUS PERSPECTIVE TRANSFORMA- 
TIONS IN THE OPTIC ARRAY 


The method used to display the geo- 
metrical transformations on a motion 
picture screen was not by “animation” 
of film; the procedure, rather, was to 
Photograph the window of a device 
which might be called a shadow trans- 
former. Details of its construction are 
given in the report of the experiment 
(6). It will here be described only as 
it suggests possibilities for a psychophys- 
ics of motion perception. It consists of 
a translucent screen with a point source 
of light on one side and an observer 
symmetrically on the other side. In the 
square luminous window, dark shapes, 
patterns, or textures can be made to ap- 
Pear. They are shadows, not objects, 
so that only two grades of intensity 
exist, surface texture and binocular dis- 
Parity are eliminated, and accommoda- 
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Fic. 1. The shadow tr 


tion and convergence are controlled for 
this sector of the optic array to the eye. 
The variables of form and transforma- 
tion are thus isolated for study. 

In the diverging ray sheaf from the 
point source to the translucent window 
a mount can be placed, a pane of trans- 
parent material large enough so that it 
can be moved without its edges being 
projected on the screen. Forms, pat- 
terns, or textures cut from gummed pa- 
per or masking tape can be attached to 
this mount, or it can be traced with ink 
or even sprinkled with talcum powder, 
so that shadows of many varieties are 
projected on the screen. The mount can 
be rotated on any of three axes, or 
translated in any of three dimensions. 
Hence, considering the mount and the 
screen as two geometrical planes, changes 
in the position of the mount will yield 
all possible perspective transformations 
of the shadow relative to the shadow 
caster, and likewise all parameters of 
continuous perspective transformation of 
the shadow itself. Previous shadow-cast- 
ing devices, most recently Wallach’s 
(14), have not been constructed for this 
systematic purpose. They have also not 
utilized polar projection. For purposes 
of comparison, the present apparatus 
can also be illuminated by a projector 
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ansformer. 
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beam at 80 ft. instead of a point source 
at 5 ft.; the former yields an approxi- 
mately parallel projection. The use of 
a transparent mount obviates the neces- 
sity of any visible support for the 
shadow caster, or of having the shadow 
it casts extend below the bottom of the 
window. 

The optical geometry of the apparatus 
is given in Fig. 1 for a size transforma- 
tion. It may be noted that the con- 
verging ray sheaf to the eye is the geo- 
metrical opposite of the diverging ray 
sheaf. The relation of the shadow to 
its “virtual object” (by analogy with the 
“virtual image” in a mirror) is simply 
the reverse of the relation of the shadow 
to the shadow caster. This reversal 
does not affect the transformations in 
any other way. It is true that the mo- 
tions perceived are opposite to those of 
the shadow caster, but this does not pre- 
sent a paradox if one remembers that 
vision depends on the optic array, not 
on the way an optic array can be arti- 
ficially produced. 


INTERNAL DEPTH OF TRANSPARENT 
OBJECTS AND COLLECTIONS 
or OBJECTS 


So far, consideration has been limited 
to continuous transformations of tex- 
tures corresponding to the opaque face 
of an object. What about the optical 
motions corresponding to the physical 
motions of transparent objects, or things 
with different parts in depth, or rigid 
collections of things like a forest of trees 
or a tangle of wire? The phenomenon 
termed “stereokinesis” (11, Ch. 13 and 
references) and the kinetic depth effect 
of Wallach (14) involve an impression 
of internal depth. The “virtual object” 
of these experiments is often a collec- 
tion of posts or a figure of bent wire. 

The complex optical motions of these 
experiments can be analyzed by consid- 
ering different parameter values of the 
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same perspective transformation corre- 
sponding to the different planes of depth 
of the object. This suggestion becomes 
clearer with a concrete example. If, 
with the shadow transformer, one casts 
a shadow on the screen through several 
parallel sheets of glass, each of which 
has been sprinkled with talcum powder, 
the composite shadow looks something 
like the Milky Way in the night sky. 
When the sandwich of mounts is moved, 
however, the perception separates into 
clear planes of depth, each layer of 
nebulous material standing in front of 
its neighbor. The effect is shown in the 
flm (5). 

The internal depth of the virtual ob- 
ject produced by the moving shadow of 
a bent wire, or by an arrangement of 
vertical sticks on a horizontal turntable, 
has been frequently studied. The writer 
suspects that it will yield to the kind of 
analysis proposed. The depth is similar 
to binocular stereoscopic depth; a unify- 
ing hypothesis would be that the simul- 
taneous disparity of binocular images ÍS 
only a special geometrical case of the 
successive disparities of a continuous 
image. Both rest on the geometry of 
parallax, that is, the projection of a col- 
lection of objects in space to a point in 
space, and this has led Tschermak to in- 
clude both under the term “parallactos- 
copy” (13). Both are transformations 
in the most general sense of the term, 
and perhaps both sorts of disparity 
should be treated as transformations. 

The impression of surfaces meeting at 
acorner. With the apparatus described; 
one can also produce the impression of 
more than one flat face of an object 
moving in depth. If two transparent 
mounts are joined to make an angle, a? 
if both are given some opaque texture 
of any kind, the combined shadow looks 
like a plane surface so long as the com- 
bined mounts are kept stationary. When 
they are moved, however, the shadow 
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becomes two faces or surfaces making a 
corner. The relative slant of one sur- 
face to the other can be judged with 
some accuracy. 


re Is THE STIMULATING EFFECT OF 
ONPERSPECTIVE TRANSFORMATIONS 
IN THE Optic ARRAY? 


If the rigid mechanical motions of the 
physical environment are represented by 
one kind of geometrical transformations 
4 the pattern of light, are the nonrigid 
eons! motions of the environment 
ee by a different kind of geo- 
a TE transformations in the pattern 
a The difference is suggested 
E e geometer describes topology as 
a a sheet geometry.” This is con- 
fon i ee changes of bidimensional 
aa T than the changes heretofore 
sithou ed. Considering an organism in 
Bae eae its reactive movements can- 
i ae ans of the six pure types 
Ni ical motion considered above. 
ae ie can its growth be described as 
followi cation. Medawar, a biologist 

ae E D’Arcy Thompson, seems to 
ae Sa that the change of 
nt E human figure from infancy 
ats t ood, disregarding the change of 
sae a specific continuous transforma- 
ogee ot can only be suggested in 
ao _A “tapered stretch” describes it 
tine ximately (10, pp. 177 ff.). The 
cena is monotonic, i.c., it keeps the 
RES rend. Geometrically, there are 
TER forms of change of bidimen- 
ee form. Conceivably, the visual 

anism is sensitive to these forms of 
Change, 
a as shadow transformer — 
eae ed to display nonperspective trans- 
ia ations if an elastic or flexible sheet 
ae for the transparent mount which 
ince the shadow-casting form or tex- 
Pe and if this is stretched ot bent 
an ome way. Preliminary observations 

Bgest that the resulting perception ° 


can be 
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motion is correspondingly elastic instead 
of rigid. There are technical difficulties 
in controlling such optical motions. But 
if apparatus can be built for systemati- 
cally producing them, it will be open 
to the perceptual psychologist to study 
such phenomena as animate, expressive, 
and physiognomic movements in the 
manner of psychophysics. 


DISJUNCTIVE OR SEPARATE 
OPTICAL MOTIONS 


The converting of a single form on a 
plane into ¿wo forms is something which 
goes beyond the continuous transforma- 
tions heretofore considered. ‘There is, 
instead, a discontinuity in both the 
temporal and the spatial series. The 
geometer is tempted to describe it by 
saying that there is a breaking or tear- 
ing of the surface, thus falling back on 
a physical analogy. 

Tf certain parts of a connected optical 
pattern undergo one kind of transforma- 
tion while other parts undergo another 
kind, it might be predicted that the per- 
ceived surface will become two perceive! 
surfaces, each composed of the parts 
carrying the same transformation. This 
is obvious when one set of parts moves 
in one direction and the other in a dif- 
ferent direction, and the fact was recog- 


7ertheimer’s law of “common 


nized in W 
fate” as a determiner of sensory organi- 


zation (11, Ch. 13). It should equally 
be true, however, when one set of parts 
carries a slant transformation or a size 
transformation different from that of the 
other; the texture will break into two 
textures each moving in its own tridi- 
mensional way- Some of these possi- 
bilities have been investigated by using 
a “sandwich” of mounts in the appa- 
ratus, and the film illustrates a few of 
these possible dual disjunctive motions. 
Perceptual separation does result. Evi- 
dently when the parts of an optical tex- 
ture undergo joint motion this does not 
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have to be understood as a set of mo- 
tions with the same velocity in the same 
direction. 

It is also possible to note what hap- 
pens when all the parts of a connected 
optical pattern move, each in a different 
direction: the pattern becomes many 
smaller objects, like a swarm of ants. 
This result also suggests that what con- 
nected the elements of the pattern in the 
first place was their nonmotion relative 
to one another; in the optic array, after 
all, stability is only a special case of 
transformation. Research on the prob- 
lem of how elementary motions might 
be organized into a single unitary mo- 
tion has been performed by Johannson 
(9), Duncker (2), and Metzger (11). 

The varieties and dimensions of opti- 
cal motion in which the parts are not 
connected in adjacent order are of for- 
midable complexity. It is not even clear 
how to go about classifying them. Dis- 
junctive optical motions are, however, 
the stimuli by virtue of which we see 
occurrences, happenings, and actions in 
the world around us. There is cer- 
tainly order and lawfulness in them, for 
Michotte has studied the impressions of 
causality induced by higher order vari- 
ables of nothing more objective than the 
motions of separate spots (12). These 
abstract variables are clearly discrimi- 
nable by observers, for the impressions 
can be made to come or go as the ex- 
perimenter varies certain spatiotemporal 
conditions. 


CoNCLUSIONS 


If the optical geometry here expounded 
is correct, there is a possible basis in 
optical stimulation for the ability to dis- 
tinguish between and among rigid, elas- 
tic, and multiple moving things. The 
basis lies in different mathematical modes 
of transformation and motion. The im- 
plication is that we see both the con- 
stant and the changing properties of 
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things in this way. We see them not 
because we have formed associations 
between the optical elements, not even 
because the brain has organized the opti- 
cal elements, but because the retinal 
mosaic is sensitive to transformations as 
such. These are stimuli for perception. 

Is it really plausible, one might ask, 
to call anything as apparently abstruse 
as a continuous series of transformations 
a stimulus? A bit of evidence may here 
be convincing. A puff of air to the 
cornea of the eye is a stimulus for the 
blink reflex in the pure and original 
sense of the term. The fact is that 
when an observer with the apparatus 
described is near the screen, a rapid ex- 
pansion of the shadow until it fills the 
screen will also produce a blink reflex. 
The latter event ought to be considered 
as much a stimulus as the former. 
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Some ten years ago Woodworth, com- 
menting on the situation in psychology 
as a whole, wrote: “Some may lean to- 
ward one school and some toward an- 
other, but on the whole the psycholo- 
gists of the present time are proceeding 
on their way in the middle of the road 
.. 2? (21, p. 254). He suggested that 
“Tf we could assemble all these psy- 
chologists [all the psychologists in the 
world] in a convention hall and ask the 
members of each school to stand and 
show themselves, a very large propor- 
tion of the entire group would remain 
seated” (21, pp. 254-255). 

A similar position was taken by Bor- 
ing at about the same time: 


During the 1930's the isms pretty well dropped 
out of psychology. ... The only reason for 
mentioning these four schools in this book is 
that the student hears about behaviorism and 
Gestalt psychology and has a right to be told 
what they are and that they are no longer im- 
portant as schools. What was good in all the 
schools is now simply part of psychology (4, 
als 


The eclectics, rising above the con- 
flict of schools, hold that psychologists 
today are in happy agreement. It is 
their position that no real issues exist 
among the various points of view in psy- 
chology. For it is only on the basis of 
such a belief that one is able to select 
from each approach, combining the theo- 
retical contributions of all. As Wood- 
worth presents the middle-of-the-road 


position: 


Every school is good, though no one is good 
enough. . . . One points to one alluring pros- 
pect, another to another. .. - Their negative 
pronouncements we can discount while we ac- 
cept their positive contributions to psychol- 
ogy as a whole (21, p. 255). 


If eclecticism is as prevalent in con- 
temporary psychology as the above 
statements suggest, it becomes impor- 
tant to examine its consequences for 
theory. It is the hypothesis of the pres- 
ent paper that the eclectics have, to a 
large extent, succeeded in reconciling 
differences only by obscuring theoreti- 
cal issues. An alternative to this kind 
of eclecticism will be proposed. À 

We may begin with an examination 
of specific instances of eclectic recon- 
ciliations of differences. Examples of 
two kinds of eclecticism will be dis- 
cussed, one having to do with recon- 
ciliations of positions which refer to the 
entire field of psychology—the attempt 
to resolve conflicts among “schools” OY 
general points of view—and a more Clt- 
cumscribed eclecticism relating to pat 
ticular psychological problems. 

As an instance of the first kind, Wood- 

worth? writes: 
A broadly defined functional psychology starts 
with the question “What man does” and pro" 
ceeds to the questions “How?” and «why? 
...So broadly defined . . . functional psy- 
chology scarcely deserves the name of a schoo 
because it would include so many psycholo- 
gists who have not professed themselves. Now 
the question is whether our middle-of-the- 
roaders are not after all members of th 
broadly conceived functional school. . - - But 
if the middle-of-the-roaders are really fun 
tionalists, the question is then whether the 
same would not be true of all the schools: 
Are they not all functionalists at heart? (2); 
p. 255). 

Commenting on such a functionalis™, 
Boring wrote in 1950: “Woodworth þe- 

1A number of the examples to be consid- 
ered will be taken from Woodworth’s writings 
because the present author regards him as on! 
of the clearest of the eclectics and one of those 
whose theories are to be taken most seriously: 
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lieved that psychologists were more in 
agreement than their quarrels indicated, 
and he sought a system to which all 
could subscribe. He very nearly suc- 
ceeded (3, p. 565). 

It is not likely to be denied that psy- 
chology today has a functionalist flavor. 
The interest in the adaptive value of 
Psychological processes is everywhere 
apparent. Nor can there be much dis- 
agreement with a functionalism defined 
in terms of these three questions of 
Woodworth’s. But it tells us very little 
about a psychologist to say that he is a 
functionalist in this sense. What we 
need to know are the kinds of answers 
which a particular psychology gives to 
these questions. These are the issues in 
contemporary psychology, and here it is 
that disagreements arise. What, for ex- 
ample, is the relation of reinforcement, 
or of repetition, to learning? How does 
the learning process proceed? What is 
the nature of the fundamental human 
Motives? How does the group exert its 
influence on the individual? It is the 
Loh to such questions as these that 
no psychologists. It would seem 
that Woodworth has succeeded in bring- 
ing all together only by obscuring such 
ìSsues, If all are functionalists today, 
E still have the problem of examining 
i e differences among the several varie- 
les of functionalism. 

_The point may be made more spe- 
cifically in connection with the same au- 
thor’s theory of the conditions of trans- 
fer of training, the doctrine of identi- 
cal components (19), reformulated by 
Woodworth and Schlosberg (23) as a 
theory of “common factors.” It is put 
forward to resolve the differences be- 
tween those who hold that transfer is a 
function of the identical elements in two 
earning tasks, and those who maintain 
that it is a matter of the application of 
common principles or other whole prop- 
erties to the two activities. Wood- 
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worth’s view 2 is that anything concrete 
can be transferred—thus both identical 
elements and principles—since “any idea 
that can be recalled, or any attitude that 
can be reinstated is concrete enough to 
qualify. Perhaps anything that can be 
learned can be transferred” (19, p- 207). 
Again, “what is successfully transferred 
is usually something you can put your 
finger on—a principle, a good emotional 
attitude, a technique” (22, p. 582). 

The controversy about the conditions 
of transfer is settled, in other words, by 
saying that something is carried over 
from one activity to the other. It is 
true that this is a formulation which 
covers most of the cases. But it lacks 
an advantage of both of the theories it 
displaces, namely the attempt to state 
the specific conditions of transfer. It 
would seem that the differences are re- 
solved only at the expense of any spe- 
cific theory in the area of the contro- 
versy. The theory covers all the cases 
only by telling us nothing specific about 
any of them. 

To return to the more general kind of 
eclecticism, there exist today a number 
of efforts to reconcile the various signifi- 
cant theoretical positions in psychology- 
A number of authors have attempted to 
resolve the differences between behavior 
theory and psychoanalysis, Gestalt psy- 
chology and psychoanalysis, behavior 
theory and Gestalt theory.” Several 
examples of this trend in contemporary 
psychology will be examined. 

2Si arlier formulation (19) is the 
ESNY ad since the later (23) seems 
from it in principle; 
will belaran n ae ns are eclectic, at 
_ Some attempt 


ntributions of one psy- 
another, 


chology in ee 

rather than 

Such work, for eX: 
; Neal 

therapy ÞY John Dollard and 

ora Pe eer not be considered here. It pre- 

sents interesting problems of its own whi 

ate treatment. 
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The problems seen above in Wood- 
worth’s formulations exist also in Abt’s 
statements about basic agreements be- 
tween psychoanalysis and Gestalt psy- 
chology with respect to the structure 
and development of the personality: 


Freud’s multiple-structured self is not essen- 
tially different conceptually from Lewin’s divi- 
sion of the person into regions. The dynamic 
and economic interchanges that are postulated 
as occurring with respect to the id, ego and 
superego in psychoanalysis find parallel ex- 
pression in Lewin’s system of barriers and the 
classes of movements across them (1, pp. 38- 
39). 


If Abt means that Lewin’s metatheory 
is compatible with Freud’s theory of per- 
sonality structure, a case could be (but 
has not been) made for this position. 
But to equate Lewin’s division of the 
personality into regions with Freud’s 
topographical analysis of the person is 
to lose all the specific psychological in- 
sights of the latter and much of the 
metatheoretical contribution of the for- 
mer. Lewin’s inner-personal regions, if 
translated into Freudian terms, would 
undoubtedly fail to distinguish between 
id, ego, and superego; his motor-percep- 
tual region includes some but not all 
of the functions of the Freudian ego.* 
Lewin is, indeed, largely unconcerned 
with the specific content of the person- 
ality, with the distinction between con- 
scious and unconscious motivation, and 
with the historical development of the 
person; it is impossible to discuss 
Freud’s topographical divisions apart 
from such considerations. Again, Lewin 
has not discussed the content and na- 
ture of the forces responsible for be- 
havior; thus the parallel with Freud’s 


4For example: “It is to a certain degree 
arbitrary where one draws the boundary be- 
tween the motor-perceptual system and the 
inner regions, whether for instance one con- 
siders the understanding of speech as an event 
within the boundary zone or within the inner- 
personal systems” (16, p. 178). 
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statements about dynamics can be main- 
tained only if one turns one’s attention 
away from the specifics of Freud’s suc- 
cessive instinct theories. It is indeed 
possible to find parallels between Lewin’s 
statements about the tendency of sys- 
tems under tension to seek discharge 
and Freud’s formulations about the 
pleasure principle; but to equate the 
two is to lose the specific character of 
both the pleasure and reality principles 
and to neglect Freud’s theories about 
behavior which is independent of the 
pleasure principle (8). 

A further illustration will be given of 
the tendency prevailing in contemporary 
psychology to reconcile the ideas of 
Freud and Lewin. Another author 
writes: “It is the thesis of this paper 
that a synthesis of the ideas of Lewin 
and Freud provides a basis for the be- 
ginnings of an integrated system of psy- 
chological theory...” (5, p. 206). 
More specifically, “We have already 
noted the structural parallelism between 
Freud’s divisions of the personality and 
Lewin’s psychical systems” (5, p. 222)- 
This writer, it is true, limits the paral- 
lelism, remarking, “Freud has provided 
the living clay for the Lewinian scaf- 
folding” (5, p. 228).° Still, closer ex- 
amination suggests that essential differ- 
ences between the “living clay” and the 
“scaffolding” have been neglected. For 
example, “One of these [defense mecha- 
nisms], projection, becomes the equiva- 
lent for Lewin’s unreality” (5, p. 222)- 
While there are, of course, important 
components of unreality in projections, 
the two concepts are by no means 
equivalent, if only because not all events 
on a level of unreality (for example, 

5In this connection Bronfenbrenner com- 
ments on Lewin’s neglect of the content of 
psychical systems: “This is indeed an unfor- 
tunate oversight” (5, p. 214). The thesis will, 
be developed elsewhere that this is no over- 


sight, but that Lewin undertook a different 
task. 
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dreams, fantasies, vague hopes and 
wishes) can be described as projections, 
at least as Freud uses the term. Again, 
to put the Freudian unconscious “di- 
rectly into Lewinian language” by say- 
ing that “there are sub-systems within 
the region of the self which are not in 
communication with each other” (5, p. 
225) is to slip over the specific nature 
of unconscious processes in Freudian 
theory. Furthermore, if this is meant 
as an equation, it fails to do justice 
to the very important communications 
which do exist between conscious and 
unconscious systems. The point may 
be illustrated by the dream, which 
draws upon the person’s waking experi- 
ences (e.g., experiences of the “dream 
day”) and which is recalled by the 
waking individual. 

Another instance of a premature rec- 
onciliation of Gestalt psychology and 
psychoanalysis may be taken from the 
work of Witkin eż al. (18).° These au- 
thors point out: 


a psychoanalytic theory, in its concep- 
ogni of primary and secondary processes, rec- 
nke the relation between intellectual func- 
oa and personality, it has not really been 
oe with the nature of secondary proc- 
off Ss... . Gestalt psychology, in contrast, has 
A cred a well-developed theory of cognition, 
n which the role of the nature of reality in 
etermining perceptual and thought processes 
as been emphasized. But. - - Gestalt the- 
af has on the other hand neglected the role 
Ín personal factors in perception. By show- 
a that a perceptual act cannot be under- 
aod without reference to both personal fac- 
ors and the nature of reality, studies such as 
ours help to bridge the gap between Gestalt 
and psychoanalytic theory, and provide a 
asis for bringing together the main aspects 
of both into a single comprehensive theory of 
uman psychological functioning (18, P- 481). 


If, as I believe, the authors are cor- 
rect in saying that “there is still lacking 
detract from the 
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These remarks in no way 
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excellence or the significance © 
Study, 
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in psychoanalytic theory any specific ac- 
count of cognition or of the nature of 
secondary process” (18, p. 481), and 
that Gestalt psychology has neglected 
personal factors in perception—these are 
precisely the reasons why studies such 
as theirs do vot help to bridge the gap 
between the two theories. The gap can 
be bridged only by a true reconciliation 
of existing differences; and since these 
two approaches have been concerned, as 
the authors point out, with such differ- 
ent areas of psychology, it is difficult 
even to know where the essential differ- 
ences lie. A systematic analysis of the 
assumptions of both psychologies, one 
concerned with implicit as well as ex- 
plicit assumptions, would undoubtedly 
reveal both important differences and 
surprising compatibilities of the theories. 
But in the absence of such an analysis 
we cannot, without glossing over real 
differences, say that a particular finding 
helps to bring the two theories together. 
To do so, it would need to be shown 
(a) that the results demand a theory 
which reconciles actual differences be- 
tween the two approaches; or (b) if the 
two psychologies are in agreement in the 
area in question (which would require 


demonstration), that the findings can be 
e compatible 


handled in terms which ar 


with both. 
To say, in other words, that both per- 
sonal factors and reality factors deter- 


mine a perceptual effect is to pose 4 
out that we 


blem. It is to point 
Fei a human psychology which will 
include both kinds of factors; but it is 
not to say that such a psychology will 
be compatible with Gestalt psychology 
or with psychoanalysis or both. To the 
present writer it seems more likely that 
a finding which cannot be handled ade- 
quately within the framework of either 
of these existing systems will demand, 
not a reconciliation of the two admit- 
tedly incomplete theories, but rather a 
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new theory. 
cussed below. 

A final example, which will show again 
how eclectic reconciliation of differences 
may be achieved at the expense of a 
specific theory in the area of the con- 
troversy, may be taken from Welch 
(17). This author has offered some 
fundamental propositions which he be- 
lieved should be acceptable both to Ge- 
stalt psychology and to contemporary 
behaviorism. For example, “perceiving 
is the result of a stimulus compound 
producing effects upon the sense organs 
which establish brain traces similar to 
or in otherwise related to brain traces 
formerly established” (17, p. 181). 
Surely everyone will agree that present 
percepts are related to traces of past 
ones; where dispute exists it concerns 
the specific effects of Past experience on 
perception. Welch has succeeded in rec- 
onciling the differences by omitting the 
specific area of controversy. Again, we 
are told: 


This point will be dis- 


In interacting with its environment, the or- 
ganism changes in many ways. ... [Among 
other changes] it may learn. Learning is the 
effect of a stimulus compound or stimulus 
compounds upon the nervous system of the 
organism and the responses which these evoke, 
that makes possible the establishment of new 
responses, as a result of such experiences (17, 
p. 187). 


Many psychologists may, indeed, accept 
this as a rough definition of learning. 
But when one leaves this level of gen- 
erality and raises the question of how 
this process is to be envisaged, this 
happy harmony disappears. Hilgard 
points out: “There are no laws of learn- 
ing which can be taught with confi- 
dence” (12, p. 457). Likewise no one 
questions the fact that “behavior of any 
type is the result of the interaction of 
the organism and its environment” (17, 
p. 176). But what is the nature of this 
interaction? What are the roles of or- 
ganism and environment? Here are 
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questions on which different writers have 
taken divergent positions. (Cf. 11.) 
While no one will disagree that memo- 
rizing and generalizing (17, pp. 181, 
182) occur, and while Welch’s defini- 
tions might provoke little controversy 
as rough identifications of the phe- 
nomena in question, different theories 
exist about the nature of these processes. 

It will be clear from the above dis- 
cussion that the existence of facts which 
all psychologists accept is irrelevant to 
the problem of eclecticism. Likewise 
the circumstance that some develop- 
ments in psychology have called atten- 
tion to facts ignored by others has no 
bearing on the issue. The important 
questions are: How are these facts un- 
derstood? and What is their place in the 
overall theoretical system? Even where 
agreement exists as to the facts, differ- 
ences are current with respect to these 
questions, 

In all the examples considered here, 
it would appear that differences have 
been reconciled and controversy elimi- 
nated at the price of obscuring the issues 
with which research is concerned in con- 
temporary psychology. 

Boring, years ago, pointed out the 
productive role of controversy in scien- 
tific research (2). Not only does the 
eclectic lose prematurely the advantages 
of controversy, he may to some extent 
give up the advantages of theory as well. 
The above discussion contains the sug- 
gestion that the eclectic at times re- 
nounces specific theory in the area of a 
controversy in order to reconcile differ- 
ences. This statement will be qualified 
below. But now attention must be 
drawn to a consequence of the intimate 
relation between fact and theory. 

There is a certain amount of fact that 
can be discovered in the absence of any 
theory. For example, time errors forced 
themselves to the attention of psycholo- 
gists who were concerned with quite dif- 
ferent problems. For the most part, 
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however, problems for investigation arise 
out of the theories one holds. New 
facts are discovered in the course of re- 
search designed to test one’s hypotheses. 
To the extent, therefore, that the eclec- 
tic gives up specific theory in the area 
of a controversy, he is handicapped in 
the discovery of new facts. 

Closer examination will, however, 
often show implicit theories which may 
Contradict the eclectic’s avowed inten- 
tion by placing him in a position on one 
Side or the other of the (now only im- 
Plicit) controversy. Woodworth, for ex- 
me deals with transfer in terms of 
moe over something from one learn- 
ee cetion to another rather than in 
fens S of application of what has been 
Fe to the training tasks as well as 
Pa e new ones. That is, transfer is 
Aa occurring because knowledge ac- 
FEE in the original training is car- 
es Over to the new activity; the new 
dee to the extent to which they are 
ee s to the learned ones, are consid- 
are ready partially learned. The al- 
TAEA ive is ignored that what is learned 
a tasks but principles or other whole 
Ma Perties; thus the training activity 
ap ey provide examples of the use 
Sct Principle which can be applied 
ned to the new situation. Wood- 
Oia s theory is thus close to a theory 
ee elements in this respect, op- 
Tee one derived from the study of 

ning by understanding (13, Chap. 
ae indeed, unable to deal with 

Y cases of such learning.’ This 
aa theory of common factors were Cor- 
cent ie poud never be more than 100 per 
ann ster, since two activities cannot have 
i eee 100 per cent of their factors in 
Cases GE Yet, as Katona has shown (13), 
activity St in which performance on the test 
task. > JS Superior to that on the training 
ae of interest to note also that Wood- 
s theory, while it succeeds in reconcil- 

: i differences, appears to lump togctoer 
iden at do not belong together. There ia 

ce that transfer of specific data 1S di 


consequence is particularly impressive 
since, as will be illustrated immediately 
below, Woodworth is by no means op- 
posed to learning by understanding; it 
is another instance of the confusions 
which eclecticism breeds. 

In another place Woodworth calls at- 
tention to the following controversy: 


Among present-day theories of learning those 
which emphasize reenforcement or the law of 
effect minimize the perceptual factor, often 
stigmatizing it as “mentalistic” and impossible 
to conceive in physical terms, while those 
which emphasize perceptual learning are apt 
to deny any direct importance to the factor 
of reenforcement (20, p. 119). 


In attempting to show that there is “no 
obvious incompatibility” of these two 
factors, he makes (explicit) assumptions 
about learning as a cognitive process ê 
which would be likely to be unaccept- 
able to many S-R theorists, and (both 
implicit and explicit) empiristic assump- 
tions about perception? which many 


ferent, in process as well as in the magnitude 
of the effect, from the application of prin- 
ciples derived from one set of data to new 
material. (Cf. 13.) 

8 For example: “As to connections, several 
may be established before the conditioning is 
complete, but the primary one connects the 
conditioned stimulus with the meaningful 
character it acquires as the first event in a 
regular sequence” (20, pp. 121-122). Also 
“Jn experiments that offer alternatives and 
demand a choice, what has to be learned is a 
distinction between stimulus-objects and not 
between motor responses. . » - What has to be 
learned is the difference between the two 


” (20, p. 122). 4 
ps "can percept is in the mank 
when an obscure stimulus-complex ae 
deciphered, or when the meaning © in es 
sign is being discovered—an e 
phase process is observable. It r R Fi aun 
heck, trial-and-check process. T e trial pha 
i Pa tative reading of the sign, a tentative 
R te ent of the puzzle, & tentative char- 
ee f the object; and the check phase 
or rejection, 2 positive or 
t of the tentative per- 


a i to be 
licit assumptions seems b 
Me A js not primary m 
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cognitive theorists might find equally 
unacceptable (assumptions, incidentally, 
which are not necessarily consistent with 
those about the learning process) .?° 

Several questions suggest themselves 
with respect to the theory implicit in 
eclectic solutions. (a) A question worth 
examining is whether there is a tend- 
ency for such implicit theory to be too 
heavily weighted in the direction of tra- 
ditional theory. As the above examples 
show, this need not always be the case; 
but it seems plausible to think that 
when theory is not explicit, and thus 
not examined, it draws upon doctrines 
prevailing both in psychology and in the 
culture in general rather than upon the 
newer and less widely accepted theoreti- 
cal currents. In a similar connection 
Köhler has pointed to a certain con- 
servatism in eclecticism: 


. . it has been said with approval that psy- 
chology now tends to be eclectic. Again, we 
have been told that in psychology we had 
better stay in the middle of the road. I can- 
not agree with these prescriptions because, if 
they were followed, psychologists would have 
to look first of all backward. In an eclectic 
attitude, they would be too much concerned 
with ideas which are already available; and, 
in attempting to find the middle of the road 
in psychology, they would have to give too 
much attention to the tracks along which 
others have moved before them. Such atti- 
tudes could perhaps be recommended if, in 


perception, nor prior to the effects of learn- 
ing; as well as the idea that there is no fruit- 
ful distinction to be made between perception 
and interpretation. 

10 As a final illustration, Welch states: “This 
distinction between elementary and higher 
forms of learning involves the distinction be- 
tween a situation where the new elements are 
simple in nature, or simple in character and 
are simply integrated, and a situation where 
the new elements are complex and integrated 
jn a complex manner” (17, p. 188). This 
statement implies an elementaristic view of 
the learning process—learning being envisaged 
as the integration of elements—which would 
be far from acceptable to all the psychologists 
Welch is trying to reconcile. 
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research, security were an important issue. 
Actually there is no place for it in this field. 
In research, we have to look forward, and to 
take risks (15, p. 136). 


(b) Another question which arises in 
connection with the theory underlying 
eclectic solutions is the following: since 
such theory is often implicit, and thus 
unexpressed and unexamined, is it ade- 
quate to lead to the discovery of new 
facts? For example, since the idea of 
“carrying over” (i.e., as opposed to that 
of “application”) is only implicit in 
Woodworth’s theory of identical com- 
ponents, it seems unlikely that it would 
be subjected to test. Or again, the im- 
plicit elementarism in Welch’s statement 
about learning (cf. Footnote 10) is une 
likely to be tested since the author’s’ 
main focus is on other aspects of the 
statement. p 

Also worth looking into in connection 
with the theory implicit in eclectic solu- 
tions are the questions of its adequacy 
for ordering the facts and its suscepti- 
bility to proof or disproof. For exam- 
ple, to say that “something” is trans- 
ferred is too unspecific a statement of 
the conditions of transfer to test em- 
pirically. Any finding of transfer seems, 
to confirm it, and there is no result 
which could disprove it. Again, it has 
been suggested above that the theory 
implicit in a given eclecticism is not al- 
ways internally consistent. This is 4 
question which deserves examination in 
connection with particular eclectic psy- 
chologies. 

We may summarize the discussion $0 
far by saying that eclectics have to a 
large extent succeeded in resolving con- 
flicts in psychology by ignoring differ- 
ences and obscuring the issues. Some 
reasons for dissatisfaction with such solu- 
tions have been indicated.*2 Is there no 


11 Jt is of interest to note that eclecticism 
seems to have presented similar problems 1n 
other fields of knowledge in their comparative 


y 
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alternative? It seems to the present 
writer that reconciliations can be reached 
in psychology only by focusing on the 
existing differences, examining them, and 
carrying on research to settle issues. If 
this is eclecticism, it is eclecticism after 
the fact rather than the prevailing eclec- 
ee before the fact. And it is clear 
that it will not be a matter of reconcil- 
T existing theories. Since competing 
o on any particular issue in psy- 
maology today—or competing psycho- 
ogical systems—each tend to be plau- 
sible and to be supported by evidence, 
s is unlikely that any one will win a 
Clear victory over the others. Yet none 
can offer a fully satisfactory explanation 
—or else the controversy would not 
i Controversies do not exist in sci- 
em with regard to processes which are 
“aid understood. Thus the task seems 
© be one of arriving at new, more com- 
Prehensive theories of the processes in 
question, 
See 
rein I quote an observation on the medi- 
Be Science of a century ago: “. . . And as the 
i es derived from fundamental truths seemed 
S come into unsolvable contradiction with the 
peas and the sanctioned standards of 
ee) there sprang up under the name 
E ectic the representatives of sober elucida- 
i of the juste milieu, of the medium of the 
Ön remes, The breach between theory and 
D actice, which they feared, was avoided or 
y Stponed if theory gave up the pretension 
i Penetrate into particulars and if practice 
eed that, because of its youthful immatur- 
Y, it should be excluded from counsel, and 
Progress in silence and in hope. The conflict 
aS settled and peace was achieved, not by 
r € reconciliation of the parties, but by sepa- 
nating them. The so-called impartial exami- 
a of the facts should lead only to a 
iddle road between them. [The eclectics] 
ought they had principles and avoided their 
Pplication; they proclaimed themselves free 
old in practice clung to the consequences of 
ca dogmas. They practiced tolerance not be- 
‘Use they included the truth of each dogma, 
An because a chasm existed between theory 
9 life, beyond which theory didn’t matter 
> p. 9), 
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An example should make this clear. 
It seems safe to say that theories of for- 
getting arising out of experimental psy- 
chology have found no adequate place 
for the facts of repression. Nor have 
the psychoanalysts succeeded (or tried) 
to bring these facts into relation with a 
general theory of memory and forget- 
ting. Can the two kinds of theories be 
brought together? It seems to me that 
the most fruitful starting point is not 
the attempt to reconcile existing theo- 
ries. Actually, useful theories of repres- 
sion do not exist. (Cf. 6 for a simi- 
lar point, more generally stated.) It is 
hardly sufficient to say: 


Repression proceeds from the ego, which, pos- 
sibly at the command of the superego, does 
not wish to be a party to an instinct cathexis 
originating in the id. Through repression the 
ego accomplishes the exclusion from conscious- 
ness of the idea which was the carrier of the 


unwelcome impulse (7, p. 19). 


This statement contains no hypothesis 
about the processes involved, about how 
repression can possibly be brought about. 
Thus there seems to be no point to at- 
tempt to reconcile the theories of ex- 
perimental psychology and of psycho- 
analysis on repression; neither has an 
effective theory in this area. What we 
need is to look into the processes them- 
selves, in the light of what we know 
about forgetting in general (cf. [10]). 
Can affective processes act, for example, 
to produce a failure of the Höffding 
function—i.e., that selective interaction 
between present process and memory 
trace which is the basis of recognition 
and the first step in the process of re- 
call? (Cf. 14, pp. 126 ff.) Under what 
conditions can emotional and motiva- 
tional processes introduce interferences? 
Answers to such questions might lead 
not only to 4 hypothesis about the na- 
ture of repression, but might also intro- 


duce considerable modification into our 
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present theories of the nature of for- 
getting in general. 

The eclectics are, of course, right in 
maintaining that where a genuine con- 
troversy exists in psychology, and where 
evidence seems to support both sides, 
there is likely to be some truth to both 


| positions. But they solve their problem 


too soon. Existing theories cannot be 
made more comprehensive by adding di- 
vergent ones together. They can be 
broadened to include all the relevant 
evidence only by looking more deeply 
into the phenomena with which they 
are concerned; and this means arriving 
at new theories. 

At this point the parallel between pro- 
ductive solutions of theoretical problems 
and of personal problems becomes strik- 
ing. In connection with the reconcilia- 
tion of opposites within the personality, 


„C. G. Jung points out that conflicts are 


l 


never resolved on their own level. They 
are outgrown. Only on a higher level 
can you see both sides. 


SUMMARY 


Examples have been presented to show 
that eclectics tend to resolve conflicts in 
psychology by glossing over real differ- 
ences and obscuring the issues. Such 
solutions achieve harmony at the price 
of specific theory in the area of the con- 
troversy, and thus sacrifice fruitfulness 
in the discovery of new fact. Closer 
examination often reveals implicit theo- 
ries underlying such solutions, but un- 
expressed and unexamined theory can 
hardly be expected to equal explicit hy- 
potheses either in fruitfulness or in ade- 
quacy in dealing with known facts. 

It is.here suggested that differences 
need to be resolved in psychology not 
by denying them and attempting to 
combine existing theories, but by focus- 
ing on the differences and using them 
to get a better view of the relevant phe- 
nomena. We will achieve more compre- 
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hensive theories not by combining ex- 
isting ones but by understanding better 
the processes in question. 
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VISUAL PERCEPTION: AN EVENT OVER TIME 


GUDMUND SMITH? 


Research Center for Mental Health, New York University 


Most psychologists would certainly 
agree that perception—or more broadly, 
cognition—like other aspects of behav- 
ior, is not an instantaneous datum but, 
instead, that it should be considered an 
event over time. There are only a few 
of them, however, who have consistently 
entertained this self-evident notion when 
designing their experiments and their 
explanatory models. Until recently only 
the Leipzig psychologists, in their study 
of the Aktualgencse of percepts, had 
tried to make the microgenesis of per- 
ception the center of their experimental 
and theoretical approach. ‘Their ad- 
mitted failure to call attention to the 
genetic point of view must in part be 
attributed to their method of develop- 
ing concepts which were mainly of a 
descriptive order (for further criticism, 
also methodological, see 8), and in part 
to the inability of current schools of 
psychology to include the Leipzig find- 
ings in their explanatory systems. 

This paper is not intended as an at- 
tempt to rehabilitate the Leipzig school, 
however justified that may be, but an 
attempt to reconsider the genetic ap- 
proach to problems of visual perception. 
In view of recent contributions within 
the fields of personality and perception, 
such an approach may seem more re- 
warding than it did thirty years ago; 
Hebb, for instance, in his physiological 
theory, takes into account the “phase se- 
quence” as a prerequisite for the organi- 
zation of a percept (5). The present 
author and his collaborators have tried 
to demonstrate, more specifically, that 
serial” interpretations of perceptual re- 
ports continuously repeated in the a 
experimental situation (a situation whic’ 


1 Now at the University of Lund, Sweden. 


should be so new or so complicated as 
not to allow an adequate report after 
only one trial) often tended to reveal 
more about an individuals adaptive 
mechanisms than interpretations only 
of the final, stabilized reports or of the 
usual summary scores (10, 13). Our 
basic consideration thus implies that 
we look upon perception (cognition) as 
a process of organization, emphasizing 
that it needs time to be prepared, 
evolved, and established. This consid- 
eration has been developed in earlier pa- 
pers (e.g., 11) and partly in coopera- 
tion with Kragh (8), although some 
points where the present author differs 
from him will be mentioned later (cf. 
12). 
Basic AssuMPTIONS 


The process of visual perception 
should not be confused with what 15 
generally called percepts, which are 
products of the process fitted into @ 
frame of reference of outside reality. 
It would be even more correct to say 
that percepts normally are the products 
of late phases in a process of organiza- 
tion, the preparatory phases of which 
are therefore valid objects of study. 
Some important characteristics of these 
early or preparatory phases are 1m- 
plied already in the basic consideration. 
First of all, we have to assume that 
these stages do not generally produce 
percepts; only rarely do we become 
aware of our own perceptual processes: 
This assumption is of extreme impor- 
tance for any genetic theory of percep- 
tion, since it indicates that we do not 
have to conceptualize preparatory stages 
in terms of finished products, e.g-, 45 
faint copies of established percepts or of 
stimuli, or as reflections of physiologi- 
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oo or other processes hypothesized on 
P basis of end-product behavior (11). 
is more natural to assume that prepar- 
atory stages often differ from end stages 
just because they have not been able to 
fee percepts. Such premature prod- 
oe s of early stages would probably be 
4 ppressed, at any rate, in favor of 
omething more suitable for the frame 
of reference of outside reality. 
Noy the perceptual process is in- 
ae A as in a tachistoscopic experi- 
TA where exposure times are too brief 
i correct perception of the stimulus, 
tan ae of the perceptual process 
A orced to produce a percept. But 
aiff now that these percepts are often 
T x and equivocal. Another char- 
ae of preparatory stages might 
i, be that they embrace numerous 
Tet = ilities for further development. 
aR to simplify matters, call it an un- 
TAN c attention toward something that 
nie to emerge (e.g., to be seen), a 
ble ea of a system for many possi- 
ae p ivities. As the ideal perceptual 
raon continues in a situation with 
and — stimulation, however, more 
the E of these possibilities fall into 
ilit c ground in favor of the one possi- 
fee, that coincides with the stimulus 
a Ta a normative conception of the 
rea us), in favor of the unequivocal 
fe Le of the individual (or his culture, 
eat language). Only fairly unequiv- 
Tees Stages can produce percepts, at 
in so-called normal human beings. 
e should then state, more generally, 
ee possibility has to be singled 
bes or the perceptual process to pro- 
way a percept—and, of course, not al- 
È S the possibility that is correct from 
T of view of stimulus. We know 
Rate TOR that even “normal” 
perceive incorrectly. z 
a we can be a little more specific 
ie ome additional characteristics of 
Preliminary stages. It seems Tea- 


‘On; $ 
able to assume that it JS not im- 


people 


possible for them to harbor completely 
contradictory possibilities of develop- 
ment, i.e., contradictory from the point 
of view of outside reality (stimulus). 
When reversible figures are presented 
near or below the threshold of aware- 
ness, many individuals seem to recall 
both “sides” of them at the same time; * 
or they report the correct percept as well 
as various incorrect ones, the full-fledged 
Gestalt along with fragments of it, etc. 
Although we conceive preliminary phases 
as encompassing contradictory possibili- 
ties “side by side,” we should not think 
of them as a number of superimposed 
percepts. As stated above, the prepara- 
tory stages should not be conceptualized 
in terms of established ones. It would 
probably be more fruitful to try to relate 
preparatory phases to final ones in the 
same formal way as primary processes 
are related to secondary ones in psy- 
choanalysis; i.e., only the final phases 
have to adhere to the logic and organi- 
zation of outside reality. A later stage, 
however, cannot be fully understood 
with reference only to this outside re- 
ality, to the stimulus. The main em- 
phasis, from the genetic point of view, is 
upon the sequence over time, the inter- 


pretation of late stages in the light of 
earlier ones. Even if the later stage is 
different in scope and organization from 
previous stages and, emerging on top of 
the sequence, is in control of them, the 


roots of this stage are still to be found 
in the preparatory part of the per- 
ceptual process. 


AKTUALGENESE APPROACH 


THE 
hool made an attempt 


The Leipzig SC 
to capture the perceptual process by pre- 
senting the same stimulus, first at very 


jef exposures then at gradually pro- 
P Alternative methods were 
e.g, when the intensity 


also employed, 
rk Uni- 


2 Charles F isher: Lecture at New Yo 


versity, 1956. 
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of the stimulus was increased from one 
trial to another. It was assumed that 
the shorter the presentation, or the 
lower the intensity of the stimulus, the 
earlier the stage at which the process 
was forced to produce a percept. Kragh 
(8) has refined the tachistoscopic method 
considerably: he used new types of 
stimulus material, e.g., TAT-like pic- 
tures, and tried to define the “fraction- 
ized” stimulus more rigorously than be- 
fore. But it is even more important 
that he developed his serial or micro- 
genetic method in close relation to a 
conceptual model of perception-person- 
ality. The two concepts supporting his 
model are construction and reconstruc- 
tion. Construction refers to the evolv- 
ing process of organization, the ideal 
end product of which is the correct per- 
cept. But our knowledge about such a 
Process is always based upon a series 
of reports of gradually prolonged stimu- 
lation. In order to describe the tem- 
poral organization of a percept we thus 
use the method of reconstructing stages 
before the final stage; i.e., various phases 
of the process of construction have been 
enticed prematurely to produce percepts 
fitted to the conceptual level of the end 
product. Nevertheless, a series of re- 
ports of a stimulus exposed for grad- 
ually extended times should, according 
to Kragh, reflect the microscopically 
short genesis of a percept even if the 
filtering process of reconstruction de- 
prives the early stages of some of their 
qualities. Since such a series of pre- 
liminary reports implies a continuous 
progress toward the final percept, how- 
ever, qualities lacking in early stages 
may frequently be inferred from later 
stages. 4 

Tt is not our intention to question here 
the assumption that these perceptual re- 
ports belong to the same process of or- 
ganization. But we are less optimistic 
than Kragh as to the possibility that a 
report in his experiment can be regarded 


as a veridical representation of the early 
stage at which the perceptual process 
was supposed to have stopped. Kragh’s 
concept of reconstruction pays attention 
to the fact that, in Aktualgenese experi- 
ments, early stages have to be com- 
municated on an end-stage level, but 
it does not refer explicitly to the equally 
important fact that, since percepts have 
to fit into reality, a number of other 
perceptual possibilities must have been 
disguised or omitted in order to facili- 
tate the event of a percept. Thus, in 
Aktualgenese experiments, a series of 
early reports are likely to reflect the 
early part of the perceptual process very 
insufficiently, or at least in the same 
complicated manner as dream condensa- 
tions reflect primary as well as second- 
ary processes. But this does not pre- 
clude the assumption that they represent 
very powerful possibilities of develop- 
ment which may manifest themselves in 
one experiment after the other, only 
slightly disguised. One possibility of 
this kind would naturally be the correct 
percept, as was demonstrated by the 
compulsive group in Kragh’s experiments 
(8); these people tended to proceed 
directly from blank stages to correct 
ones, i.e., to avoid or isolate all incor- 
rect possibilities. In other subjects it 
was evident that many of the alterna- 
tive perceptual possibilities were related 
to important personal experiences far 
back in life. 

Another important assumption is that 
the perceptual process developed over an 
intermittent series of short presentations 
is equivalent to the process accompany- 
ing one long presentation of the same 
stimulus. Kragh maintains that there is 
an approximate similarity between ev- 
eryday perception and perception in Ak- 
tualgenese experiments, partly because 
our fixation even of immovable objects 
is likely to be intermittent. But these 
intermittent fixations in normal percep- 
tion are not accompanied by conscious 
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Perceptual products differing in degree 
of clarity and correctness; i.e., while 
tachistoscopic experiments tend to fix 
the perceptual process at various stages 
of organization, the normal process is 
Probably more continuous. It seems 
only reasonable to assume that the course 
of perceptual organization will change 
more or less drastically when one of 
its erroneous alternatives appears as a 
Conscious percept. The Aktualgenese 
aed also tends to hamper the feed- 
back mechanics which probably play an 
Important role in normal perception (1). 

hese and previous considerations re- 
ading the influence exerted on the per- 
ae process by the Aktualgenese 
ee may be important for the as- 
oe nent of conclusions based on Ak- 
ee data. But they give us no 
ts e to abandon the working hypothe- 
an at perception is a process of or- 

nization extending over microtime. 


ELABORATION or SoME Basic 
ASSUMPTIONS 


non of the basic assumptions for this 
of ay of perception is that the “germ” 
farts ase percept is embodied already 
ee R stages of the perceptual proc- 
en aturally, this would be true only 
of eg where, from the stimulus point 
le ew, a correct perception was possi- 
regi il where the retina was able to 
@ ister a sufficiently large part of the 
Ject, etc, If this was not the case, 
Pa perceptual process would have to be 
orced by way of a new fixation. 
ia repeated or prolonged fixation 
Bose Certainly strengthen the correct 
ee bility, Let us assume, at the same 
5 ® that early stages are more prone 
oe ideas, dreams, etc., than per- 
Cor aks assumption in complete ac- 
ance with previous assumptions 
Bie these stages. It is hardly sur- 
Datinn” then, that in dreams which their 
ients reported on the morning after 
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the experiment, Poetzl (9) and Fisher 
(4) found exact copies of those parts 
of the stimulus that had not been con- 
sciously perceived together with frag- 
ments of them. We are convinced, fur- 
thermore, that many more “distorted” 
products of the same process would be 
found in these dreams if there was any 
acceptable method to account for them. 
The more we reduce the intensity or 
duration of stimulus the easier it will be 
for “incorrect” products to appear in- 
stead of the correct one. And when the 
stimulus itself is equivocal, as in many 
projective tests, there is no longer any 
“correct” possibility. 

The exact nature of the perceptual 
process hypothesized here may still seem 
a little mysterious. The primary source 
of knowledge is perceptual reports, either 
reports of end stages obtained under 
optimal stimulus conditions or of such 
quasi end stages as imply that the per- 
ceptual process has been prematurely in- 
terrupted. An alternative to the latter 
methods will be described later in this 
paper. But these sources are still in- 
sufficient to account for the perceptual 
process. If our main postulates are cor- 
rect we can learn much about it, espe- 
cially its early phases, by studying such 
products as dreams, images, etc., i.e- 
products that cannot be accepted as 
outside reality here and now. In this 
way we bring the study of perception 
into the broader field of personality. 
We may even say that the process of 
perceptual organization is a reflection 
of personality in the same way as its 

flections of the re- 
end products are Te ee a 
ality built up around the individual. 
When we thus postulate that we can 
learn much about basic processes in the 
individual by reconstructing the seols 
struction process of perception, We have 
not implied anything mysterious or even 
radically different from current concep- 
tions about perception-personality. 
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PERCEPTION-PERSONALITY 


The process of perceptual organization 
may be described essentially in formal 
terms or in terms mainly of content. It 
is expected to show characteristics typi- 
cal of the individual, so-called consist- 
encies or structures, and also charac- 
teristics closely related to the current 
situation. Some structures would be 
more typical of the early phases of the 
process than of later ones because the 
objectivized conception of reality is simi- 
lar in most individuals; this possibility 
has been realized in much present-day 
perception-personality research where 
the intensity or clarity of the stimulus is 
cut back. But this would not be enough 
to account for the structures reflected in 
the perceptual process. Structures also 
refer to the longitudinal aspects of the 
process, the way in which certain end 
stages are reached and others warded 
off, to all those aspects of control of the 
organization process which are termed 
cognitive attitudes or system principles 
(2, 6). For instance, while the per- 
ceptual processes of compulsive people 

. seem to be controlled by an all-or- 
nothing principle, by avoidance of all 
stages between a blank report of stimu- 
lus and a correct one, those of other peo- 
ple tend to develop more continuously 
over a series of more or less incorrect 
(subjective) reports (8, 15). However, 
we do not have to explain these and 
other characteristics of the process by 
referring to constructs outside the proc- 
ess, or method, itself. The explanatory 
constructs are given in the process of 
construction and the operation of recon- 
struction by which this process is un- 
veiled. 

It would be even more correct to say 
that the explanatory constructs of any 
temporarily limited process of organiza- 
tion are ultimately given in that all- 
embracing continuous process of con- 
struction the qualities of which we find 


GUDMUND SMITH 


in the life history of the individual. A 
perceptual process is naturally to be re- 
garded as a continuation of this chain 
of adaptive events. Then, in its vari- 
ous stages the perceptual process must 
also be marked by primary or second- 
ary characteristics of personality or- 
ganization; the incorrect “possibilities,” 
for instance, are not accidental (how 
could they be?), but often reflect those 
experiences out of which the current in- 
dividual was shaped (8). Thus percep- 
tion has the same roots as other forms 
of behavior, although its end products 
manifest themselves in the specific frame 
of reference of outside reality. We may 
go even further and assert that percepts 
and some aspects of simultaneous overt 
behavior are two sides to the same event, 
an assumption implied in our common 
acceptance of verbal reports as indica- 
tive of percepts. But while numerous 
unsuitable products of a process of or- 
ganization cannot manifest themselves 
as percepts, they may appear in other 
forms of behavior which do not have to 
be so closely fitted into a normalized 
framework. And these reflections of 
preparatory stages, as said above, are 
most obvious in such products as were 
discarded in the perceptual process as 
unsuitable representatives of outside 
reality, viz., our own dreams, images, 
hopes, phantasies and the like (see also 
below concerning the measurement of 
nonverbal forms of behavior). Only by 
studying all behavior manifestations ca® 
we learn the full story of perception. 


PERCEPTION BEYOND AWARENESS 


The problem of perception beyond 
awareness must be considered cruca 
for the approach outlined here, which 
implies that an exhaustive study of the 
problems of perception cannot be re- 
stricted to the characteristics of con- 
scious end products. In collaboration 
with a number of other psychologists, 
the present author has tried a new tech- 
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nique for investigating preconscious as- 
pects of the perceptual process. This 
technique has been reported in detail 
elsewhere (7, 14, 15, 16). The follow- 
ing procedure may be regarded as typi- 
es (cf. also 3, 17). Two stimuli are 
€ in rapid succession in a tachisto- 
: pe. The exposure time for the second 
o these stimuli (B) is so long as to ad- 
Ee of a correct, stabilized perception of 
“iia the first stimulus (A) is pre- 
aa ed too briefly to be conceived as an 
oe entity by the subject. Since 
hen : appear on the same part of the 
~ a us field, one can say that the per- 
on of A is extinguished by the per- 
Sn of B. But in a number of 
<a the subliminal perception of A 
ley the perception of B in various 
ide the two percepts seem to coalesce 
ie pa changed perception of B. This 
(4) Aa we study a perceptual process 
ae eyond awareness by reading off its 
in s on an adjacent, conscious percept. 
the Tes of our studies, the phase of 
ton S influencing the percep- 
—— B seemed to have been com- 
fiers late, at least so late that the 
yond us possibility” asserted itself be- 
as other possibilities. This was evi- 
Saree an experiment where a fan- 
= line pattern (Stimulus A) an- 
a a square (Stimulus B) as if the 
one Subliminal stimulus had been cor- 
Walon. perceived; i.e., the square de- 
ae into the same rhomboid as in the 
= nown illusion with B on the lined 
ae ground of A, But although the A 

B cess thus changed the reports of 
Ra direction predictable from the cor- 
o A, it was still too weak and diffuse 
bate itself as a full-fledged percept 
tep e the B percept. If it should be 
eee! at all it had to be repre- 
Sey within the context given by the 
Derj T percept. However, while this ex- 
io was designed to prove only 
es perception of B may be af- 
by a perceptual process beyond 
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awareness, later experiments indicated 
that the relations between the precon- 
scious process and associated conscious 
reports differed interindividually (15, 
16). Here stimuli were more complex 
and were made up of meaningful line 
drawings. In other words, the charac- 
teristics of early stages of the perceptual 
process, as implied in reactions to B, 
did not reflect only characteristics of the 
subliminal stimulus but also reflected 
basic cognitive attitudes, €.8., the de- 
fence mechanisms of projection and iso- 
lation. Thus in a paranoid group the 
subliminal influence of A upon the per- 
ceived reality context (B) was often 
drastic, and varied from one individual 
to another, whereas in a compulsive 
group the A process seemed to be iso- 
lated from B until 4 emerged as a cor- 
rect, independent entity (15). 

Tt seems rather self-evident that a 
vague and equivocal conscious percept 
would be more easily affected by a sub- 
liminal process than would a clear and 
well-structured percept. In an experi- 
ment with a complex B, a face, we 
found greater effects in the beginning of 
a series of reports than later, when the 
impression of the face became more 
stabilized; only when the exposure time 
for A approached threshold values did 
its influence on the perception of B in- 
increase again (16). It was interesting 
to note that the effect of subliminal 
stimulation (the words HAPPY and 
ANGRY) was not necessarily directly 
related to the conventional meaning of 
these words; i.e., ANGRY did not pro- 
ions in the face 


duce only angry express! 1 s 
but more often also tense, anxious, seri- 


ous, pensive, and similar expressions. 
This may partly confirm our assumption 
t the early stages of a perceptual 
include more varied “possi- 
se related to con- 
ition, though we 
that interaction 


e to consider 
and con- 


between the subliminal process 
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scious thoughts about the face probably 
contributed to the modification of mean- 
ing. If Stimulus A is very novel, un- 
usual, or controversial, there is reason 
to believe that, in many individuals, 
other possibilities than the correct one 
will influence the B percept, or, in other 
words, that the difference between sub- 
and supraliminal conditions will be con- 
siderable (7). The same will be true of 
differences between individuals in the 
subliminal condition. 

In most of these experiments on per- 
ception beyond awareness, the actual 
descriptions constituted the basic core 
of information. But if subjects could 
become sufficiently relaxed, images and 
by-remarks accompanying the reports 
might be even more important, as dem- 
onstrated by Kragh (8), who used a 
free-association technique in his studies. 
A tendencies which cannot assert them- 
selves within B, and which cannot be 
Tepresented within this frame of out- 
side reality, may very well appear in 
images, associations, denials—or, for 
that matter, they may influence other, 
nonverbal forms of behavior. The study 
of these behavioral aspects should be- 
come more crucial the more resistant to 
change are perceptions of B stimuli. In 
one of the studies just mentioned, for 
instance, differences in latency of reac- 
tions to a B stimulus presented in alter- 
nating combination with the subliminal 
stimuli ANGRY and HAPPY seemed to 
increase as differences in verbal descrip- 
tion of B in these two pairings decreased. 
In other words, where the two different 
A stimuli did not produce differences in 
a subject’s descriptions of B, a face, they 
produced differences in the time taken 
before he started to react verbally (16). 
Dreams reported the morning after the 
experiment have also proved important 
to account for the structures and mean- 
ings in the preconscious A process. 
However, only by extending these stud- 
jes to still more general aspects of per- 
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sonality organization can we fully as- 
sess the implications of our findings. 
A preliminary attempt was made in the 
paper just referred to. 

The experiments described here natu- 
rally represent only a few variations of 
the basic method which may be applied 
in many forms to a variety of perceptual 
phenomena. Generally, I think that in 
these experiments, where the A process 
does not have to manifest itself as inde- 
pendent conscious percepts, it will be 
possible to explore very important as- 
pects of the perceptual process that can- 
not be reached in experiments of the Ak- 
tualgenese type. One of the specific 
problems raised by the new, method con- 
cerns the interrelations between a per- 
ceptual process, the products of which 
hold the center of awareness, and more 
marginal processes continually evolving 
at the same time—interrelations of im- 
mediate relevance for the study of 
everyday perception and, as has been 
illustrated here, of basic mechanisms of 
control and adaptation. But most im- 
portant of all, both types of experiments 
imply a challenge to the traditional as- 
sumption that perception is an instan- 
taneous event the mechanisms of which 
are reflected only in conscious, unequiv- 
ocal products. 


SUMMARY 


In this paper perception is considered 
as a microscopically short process of 
organization, the prestages of which arè 
therefore important objects of study- 
Some theoretical and empirical ap- 
proaches to this genetic analysis of pet 
ception (and personality) are discusse 
together with the topic of subliminal 
perception, which is of particular im- 
portance in this connection. 
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RECENCY, FREQUENCY, AND PROBABILITY IN 
RESPONSE PREDICTION 


JOHN E. OVERALL AND W. LYNN BROWN1 
The University of Texas 


It has been ten years since Voeks (13) 
aroused psychological interest by show- 
ing that contemporary learning theory 
can be used as a basis for individual re- 
sponse prediction. It still remains a 
point of controversy as to whether Ss 
utilize all past experiences in the situa- 
tion (frequency), or whether only the 
most recent experience determines the re- 
sponse (postremity). Voeks found that 
postremity predictions were the more ac- 
curate, even where frequency and post- 
remity led to opposing predictions. Nev- 
ertheless, it was observed that post- 
remity predictions were less accurate 
where they conflicted with frequency 
predictions than where the two did not 
conflict. This suggests that a theoreti- 
cal model which bases predictions upon 
both frequency and recency might lead 
to even more effective response predic- 
tion. 


THEORETICAL MODELS FOR InpIvIDUAL 
RESPONSE PREDICTION 


Contemporary learning theories may 
be divided on the basis of adherence to 
a recency principle or adherence to a 
frequency principle. A brief survey of 
several contemporary theories will make 
this problem explicit. 


Guthrie’s Postremity Predictions 


One group of theorists, whose leading 
exponent is Guthrie, sees recency as 
the important determiner of behavior. 
Guthrie says that stimuli and responses 
become associated in an all-or-none 
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fashion by a single contiguous occur- 
rence. There is no problem of strength- 
ening; either the response is associated 
full strength with the stimulus or it is 
not. When the stimulus next occurs, the 
response made last in its presence will 
be repeated. Voeks (14) has formal- 
ized this in her principle of postremity. 
“. . . A stimulus which has accompanied 
or immediately preceded two or more 
incompatible responses is a conditioned 
stimulus for only the last response made 
while the stimulus was present” (6, P- 
344). For the T-maze situation to be 
investigated in this paper, postremity 
would seem to lead to the prediction 
that the S will choose the same cul he 
chose last in the situation. 


Postremity-Reward Predictions 


Postremity yields a different type of 
prediction if the incentive value of re- 
ward is considered. Where the noncor- 
rection method is employed and no re- 
ward follows a response, the very last 
movement made, after it is discovered 
that, no reward is present, might be 4 
“fractional” movement toward the op- 
posite goal box. This would lead to the 
prediction that S will respond on the 
next trial by going where he went last, 
if he found reward, but that he will 
respond on the next trial by going tO 
the opposite side, if no reward were en- 
countered on the last trial. 


Predictions Based Upon Frequency of 
Response 


In sharp contrast to the Guthrian 
position are theories which say that 
all previous experiences in the situation 
enter into the response determination. 
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hepa neglect the principle of 
ae a ely.2 Response predictions 
sone pon frequency of response might 
> erived from Spence (9), who classi- 
ee as instrumental be- 
saa me reward is not assumed to 
7 rk backwards to strengthen associa- 
T ae along the path to the reward, 
aes = it is assumed to function 
a i ractional anticipatory responses 
ian renie motivator only, then it 
joel ares increments of associative 
fie > (sHr) accrue simply as a func- 
a iber of occurrences. The more 
a an instrumental response is 
e x the more associative incre- 
Ei = added to the strength of the 
in iho i ne importance of recent events 
ie oe sequence is not empha- 
TA 2 a rearen of response pro- 
vid other basis for predicting indi- 
ual behavior. 


Fy : 
equency of Reinforcement 


eae is assumed to reinforce in- 
es ntal acts along the path accord- 
card, goal gradient, then frequency of 
basis f may be employed as another 
RS or predicting individual responses 
selective learning situation. 


A i 
lgebraic Sum of Positive and Negative 
Cases 


ae writings of Hull (7) provide still 
Tes er model for predicting individual 
eae although he pleads that the 
ean of oscillation will prevent m- 
ah ual response prediction from ever 
R leving high accuracy. Hull classifies 
arning in a T maze as a kind of trial- 


z should be noted that leading frequency 
ee attempt to sidestep the problem of 
ack idual response prediction by pointing to 
tal net control and inadequacy jn experimen- 
that°chniques. It cannot be denied, however, 
Dlace Hess ning is a phenomenon which takes 
final pam the organism; consequently, the 
abilit est of a theory of learning must be its 
Specify to predict and make understandable the 
© behavior of individuals. 


a 


vie ee 
box g reactions made in arriv- 
ing at the goal according to a diminish- 
ing function known as the “goal gradi- 
ent.” Each time reward follows the re- 
sponse, an increment is added to sEr 
associated with that response, and each 
time a response is not followed by re- 
ward an increment is added to sir as- 
sociated with the response. Hull states: 
«We also tentatively assume, though 
without adequate evidence, that AsIr fol- 
lows the same law with the same con- 
stants as AsEr” (7, p. 24). The effec- 
tive reaction potential associated with 
one alternative in the T maze may be 
roughly estimated as sEr = sEr + slr, 
where increments to sEr and sIr are 
scaled directly in terms of reinforced 
and nonreinforced outcomes. This pro- 
cedure admittedly neglects “generaliza- 
tion” of both sEr and sIr, as well as the 
postulated progressive reduction in in- 
crement magnitudes as sEr and sIr ap- 
proach their respective maximums. The 
defense for this procedure is that in a 
random 50-50 T-maze situation these 
factors should very largely cancel out, 
with generalization roughly equal for the 
two alternatives and with the reduction 
in increment magnitudes for sEr matched 
by a similar reduction for s/7. Conse- 
quently, we have still another frequency- 
type model for predicting individual re- 
sponses—i.e., the algebraic sum of posi- 
tive and negative instances associated 
with each response alternative. 


Probability of Reward 

Another theoretical model which yields 
individual response predictions is a C08- 
nitive-probability model. Tolman and 


Brunswik (12) conceived of the organ- 
ism as relating signs to means-objects, 
‘causally” related to 


which in turn are i 
desired goals. However, because the 


causal texture of the environment is 
not univocal, the organism develops hy- 
potheses based upon the probabilities of 
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means-objects resulting in desired goals. 
That route or behavior is chosen which 
has the highest probability of leading to 
reward. By considering the relative fre- 
quency of rewarded responses to total 


responses 
_ DR ) 
P= SRF SN 


for each T-maze alternative, it is pos- 
sible to calculate mathematically a prob- 
ability estimate associated with each al- 
ternative. If this is done before each 
individual response, it may be predicted 
that S will choose the alternative with 
the greater probability of reward. 


Recency-Weighted Probability Model 


As outlined above, the probability 
model considers the recency principle 
no more than does a frequency model. 
However, it is tentatively suggested that 
the probability model might be revised 
in a manner compatible with the gen- 
eral theory of Tolman (11), especially 
to include capacities of the organism 
such as “retentivity,” which Tolman em- 
phasizes in his “capacity laws.” This 
revised expectancy theory should pro- 
vide the basis for more accurate re- 
sponse predictions which are based upon 
a weighting of both frequency and re- 
cency. It is recognized that the recency 
principle might be incorporated into con- 
temporary frequency theory as easily as 
into the cognitive model developed here. 

Three steps in the determination of 
a single selective learning response will 
be considered. First, the initial nature 
and magnitude of memory traces must 
be established. Past events in the learn- 
ing sequence can affect present responses 
only through traces left by them within 
the nervous system of the organism. 
Secondly, traces within the memory sys- 
tem are not permanent; consequently 
their decay with time must be consid- 
ered. Finally, selection of the response 
will be considered. 
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Creation of initial traces within the 
memory system. The probabilities of 
reward and nonreward upon which re- 
sponses are based must be determined 
by past experiences of reward and non- 
reward in the situation. Since past ex- 
periences are themselves no longer pres- 
ent, it becomes important to understand 
the process whereby ¢races of past events 
are created within the memory system 
of the organism. ‘Traces within the 
memory system are conceived to be posi- 
tive or negative and to have greater or 
smaller magnitudes as a function of “ex- 
pectancy.” 

It is proposed that the initial trace 
created within the memory system by a 
behavior outcome will be positive if that 
outcome is more “desirable” than the 
expected outcome, and will be negative 
if the outcome is less “desirable” than 
the expected outcome. An outcome 
which is exactly equal to the expected 
outcome will be neither positive nor 
negative. For example, Tinklepaugh 
(10) found that a lettuce leaf which 
would have had a positive valence un- 
der certain other conditions was re- 
jected as negative by his chimps when 
they expected to find a banana. Crespi 
(2, 3) obtained different performance 
values as a function of expectancy im 
partial and in 100 per cent reinforce- 
ment situations, and Elliott (4) demon- 
strated shifts in maze performance of 
rats resulting from changes in the type 
of food reward. P 

It is proposed that the initial magni- 
tude of a positive or negative memory 
trace is a function of expectancy. The 
farther a behavior outcome departs from 
the expected outcome, the greater the 
magnitude of the trace created by it 
within the memory system. Thus, if the 
expectancy of reward is low, a single re- 
warding outcome will create a trace 0 
relatively large magnitude. In a situa- 
tion of low-reward expectancy a single 
nonrewarding outcome will create a trace 
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of relatively small magnitude. Con- 
versely, if the expectancy of reward is 
high, then a single rewarding outcome 
will create a relatively small trace and a 
Single nonrewarding outcome will create 
a relatively large trace. 

Decay of traces within the memory 
system. Probabilities of reward cannot 
be calculated directly from the initial 
trace magnitudes because earlier traces 
have decayed more than recent ones. 
For the purposes of this paper no the- 
ory of decay is necessary; however, it is 
tentatively assumed that simple decay 
with time adds to the effects of intefer- 
ence from new learning to produce the 
Phenomenon. Where both time inter- 

als between trials and opportunities for 
new learning remain constant in a learn- 
Ps Situation, it is proposed that each 
co within the memory system decays 
oe constant fraction upon the occur- 
a of each new trace. Suppose the 
z a fraction were arbitrarily chosen 
A per cent. A single memory trace 
ie initial magnitude 100 might then de- 
ap successively, from 100 to 90, to 81, 
val 3, to 66, to 59, etc. These new 
fk represent the residual magnitudes 
in aining after successive reductions of 

itial trace magnitude through decay in 
Ge memory system. It follows from 
ren tation of the decay function that 

cent events are weighted more heavily 
> an less recent ones in the determi- 
E of probabilities upon which re- 
Ponses are þased. 

Selection of response. The organism 
weighs the “probabilities” of reward as- 
Ociated with each alternative and se- 
ects the alternative associated with the 
Steatest “probability” of reward. As 
i above, it seems unlikely that the 
E Iculus of a frequency theory of prob- 

ility is used. It has been proposed 
$ at decay of traces within the memory 
Ystem causes recent events to have 
preater weight than less recent ones 
n determining the probability estimates 
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upon which responses are based. An ap- 
proximation of the “subjective” prob- 
abilities which determine the organism’s 
choice of response can be derived from 
the residual trace magnitudes discussed 
above. Three steps are involved. (a) 
An initial magnitude must be assigned 
to each behavior outcome. (b) A decay 
coefficient must be selected so that each 
memory trace may be reduced in magni- 
tude upon the occurrence of each new 
trace. ‘This determines residual trace 
magnitudes. (c) Positive residual mag- 
nitudes associated with a response are 
then summed to yield Pr. Negative 
residual magnitudes are summed to yield 
SNr. The probability of positive out- 
come associated with response (r) is 
then calculated: 
ZPr 
b= Spr F 2Nr 


This model may be used for indi- 
vidual response prediction by calculat- 
ing the probabilities associated with each 
alternative and then predicting that S 
will select the alternative associated with 
the greatest probability of reward. Pre- 
dictions based upon this model will thus 
be determined jointly by frequency and 
recency of reward. 

An illustration will make clear the dif- 
ferences between predictions based upon 
a recency-probability model and predic- 
tions based upon frequency oF tradi- 
tional probability calculations. Suppose, 
to take an extreme example, that S is 
rewarded on five successive trials and 
that he is not rewarded for the next five 
successive trials. For a second example, 
suppose that the first five ma a 
rewarded, but that a second Ea 
are rewarded. Frequency of reward, tre- 
quency of response, or an algebraic a 
mation of positive and negative oni - 
comes fails to distinguish cava the 
first and second examples. Li ee 
probability based upon relative a 
quency of reward is the same for the 
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two examples. The recency-weighted 
probability model, which has been tenta- 
tively proposed here, leads to very dif- 
ferent “probabilities” in the two exam- 
ples. To greatly simplify computation, 
suppose that the initial trace magnitude 
of each of the 10 outcomes was 100, 
and that a decay coefficient of 10 per 
cent is accepted. * In the first example, 
where reward followed only the first five 
trials, the sum of positive residual traces 
is SPr = 242, and the sum of nega- 
tive residual traces is Nr = 410. The 
recency-weighted probability 


=Pr 


"Spy Nr OF! 


In the second example only the last five 
of the 10 responses resulted in reward. 
In this case Pr = 410 and SNr = 242. 
The recency-weighted probability in the 
second example is 


ZPr 


P= Pr ann 9% 


The recurrence of the response is more 
likely where the last five of ten re- 
sponses were rewarded than where only 
the first five of ten were rewarded. 

It should be pointed out that the sto- 
chastic models of Estes and Burke (5) 
and Bush and Mosteller (1) incorporate 
several of the principles emphasized in 
this paper. Estes and Burke quantify 
association theory in such a manner that 
predictions derived from their model are 
based upon both recency and frequency. 
Also, in common with the cognitive for- 
mulation they state, intuitively, that a 
reinforced trial following a sequence of 
nonreinforced trials adds a larger asso- 
ciative increment than one reinforced 
trial in a sequence of reinforced trials, 
This function has been assigned to ex- 
pectancy-based differences in initial trace 
magnitudes in the cognitive probability 
model. The Bush and Mosteller model 
is similar in many respects to that of 
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Estes and Burke; it differs from the 
latter model primarily in the functions 
assigned to reinforcement and inhibi- 
tion. It appears likely that both models 
could lead to accurate response predic- 
tions in the experimental situations dis- 
cussed below. Neither of these theories 
was utilized as the basis for individual 
response predictions in the following ex- 
periment because each requires the use 
of an arbitrary (until empirically estab- 
lished) weighting coefficient. If any in- 
vidious comparisons were to result from 
predictions the present writers might de- 
rive from these models, it is quite prob- 
able that selection of other coefficients 
would substantially change the results. 
Further extension of these models by 
their authors into the area of individual 
response predictions is eagerly awaited. 


CHOICE or EXPERIMENTAL SITUATIONS 


In a great many situations employed 
in typical learning experiments, it 15 
impossible to assess the importance 0 
order of events in the learning sequence 
It may be for this reason that recency 
has been neglected in theoretical treat- 
ments of learning. To evaluate the ef- 
fects of recency, a situation is require 
in which one response will occur if fre- 
quency is the determining factor a” 
another response will occur if recency 
is the important variable. A selective 
learning situation such as a simple 
maze should provide the necessary set 
ting. Nevertheless, it should be note 
that in many T-maze situations fre- 
quency and recency lead most often tO 
identical predictions. Where reward 1 
placed in one goal box on a high propo" 
tion of the trials, the animal soon 1& 
sponds predominantly to that side; CO? 
sequently, the more frequent and mos 
recent response are the same. A !~ 
maze situation in which reward is ran- 
domly varied between the two alterna- 
tives at a 50-50 ratio should provide a 
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maximum of response variation. In such 
a situation the difference between fre- 
quency and recency should be most evi- 
dent, and the predictive efficacy of the 
various theoretical models should be put 
to the most difficult test. 


EXPERIMENT I 


This experiment was designed to com- 
pare the relative predictive efficacy of 
the theoretical models discussed above. 


Procedure 


aga albino rats of the Sprague-Dawley 
cles were given 25 trials per day for two 
Cowes days on an elevated T maze. The 
poncerrestion method was used. All animals 
he experimentally naive at the beginning of 
aa experiment, and each was given pretrain- 
ae a straight runway. During the experi- 
Re al trials, reward was randomly varied be- 
ee the alternative goal boxes in a 50-50 
3 0. The schedule of reward placement was 
onstructed from a table of random numbers. 
z pie maze was 4 ft, long by 2 in. wide with 
betas arm 2 ft, by 2 in. The maze and 
ee goal boxes were painted a uni- 
ext gray, In order to reduce distracting 
T aces cues, the experiment was conducted 
hai e “dome” room of the Comparative Psy- 
The Laboratory at the University of Texas. 
with experimental dome is 18 ft. in diameter 
ki 5.5-ft. side walls arched to an 8-ft. cen- 
a2 It is constructed symmetrically of wooden 
ibs and covered with a fine mesh screen 
Painted silver gray, hence giving a homogene- 
Ous surface radially symmetrical about the geo- 


Metric center. 
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Analysis of Results 


The problem was designed to deter- 
mine which of the theoretical models 
discussed above most accurately pre- 
dicts the individual responses of the fif- 
teen Ss in this experiment. Since fre- 
quency and probability models require a 
minimal amount of past experience upon 
which prediction can be based, no pre- 
dictions were made for the first five re- 
sponses of each day. Thus, predictions 
were calculated for a total of 40 re- 
sponses for each of the fifteen Ss. 
Table 1 compares the accuracy of pre- 
dictions based upon each theoretical 
model. 

The values entered in Column OE 
this table are t-test values for the dif- 
ferences between the mean accuracy of 
predictions based upon the specified 
model and the mean accuracy of pre- 
dictions derived from the recency- 
weighted model. Since it was pre- 
dicted that the latter theoretical model 
would prove to be a more accurate pre- 
dictor of individual responses than any 
of the other models considered, a one- 
tailed test is appropriate. (See Jones, 
8.) Ad of 1.701 is significant at the 
05 level, and a £ of 2.467 is significant 
at the .01 level of confidence where 28 
degrees of freedom are available. Pre- 
dictions based upon the recency-weighted 


TABLE 1 


AVERAG! 


E ACCURACY OF RESPONS! 


Source of Prediction 
+ Postremity—M“go where went last trial” 
. Postremity—“go where went last if re 
alternate if not rewarded” 

» Frequency of response 


. Frequency of reward 
- Reaction potential—algebraic sum of 


negative outcomes 


. Probabili ( = 
‘obability ( ? 5P} aN 
probability model 


new ne 


a 


7. Recency-weighted 


warded, but 


positive and 


probability model were made by employ- 
PREDICTIONS 
Mean Accuracy SD t 
E ee 
65.1 12.6 2.46 
67.2 7.3 2.55 
62.2 15.5 2.75 
64.8 13.8 2.06 
61.2 10.7 3.75 
67.2 11.3 2.11 
75.2 9.7 — 
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ing two gross approximations. The only 
excuses for this procedure are found 
in the accuracy of predictions actually 
achieved, and in the likelihood that more 
precise coefficients should lead to even 
more accurate predictions. The first ap- 
proximation involved the assignment of 
initial trace magnitudes to events in the 
learning sequence. The first rewarded 
or nonrewarded outcome in a succession 
of consecutive rewarded or nonrewarded 
outcomes was arbitrarily assigned a 
value of 100. Each successive reward 
following reward, or nonreward follow- 
ing nonreward, was arbitrarily assigned 
an initial trace magnitude which was 10 
per cent less than the magnitude of the 
trace preceding it. When there was a 
shift from reward to nonreward or from 
nonreward to reward, the first outcome 
in the new sequence was assigned an 
initial magnitude of 100, and each suc- 
cessive outcome in this new run of re- 
ward or nonreward was reduced by 10 
per cent. The second arbitrary approxi- 
mation involved the selection of a 10 
per cent decay coefficient. Upon the oc- 
currence of each new outcome the mag- 
nitude of each residual trace was as- 
sumed to decay to 90 per cent of what 
it was before the occurrence of the new 
outcome. Through the accumulation of 
empirical evidence, it should be pos- 
sible to correct and refine coefficients and 
to secure significantly more accurate pre- 
dictions than those which resulted from 
this approximate method; nevertheless, 
a significant increase in accuracy has re- 
sulted from employing even this rough 
approximation of the theoretical model. 


EXPERIMENT IT 


A second experiment was designed to 
compare the relative efficacy of predic- 
tions based upon frequency and recency. 
Since no attempt was made to distin- 
guish between postremity and the re- 
cency-weighted probability model tenta- 
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tively proposed here, the results of this 
experiment may also be interpreted as a 
test of the postremity principle in indi- 
vidual response prediction. 


Procedure 


Thirty hooded rats were Ss in this experi- 
ment. Each was experimentally naive at the 
beginning of the experiment, and each was 
given pretraining on a straight runway. The 
apparatus was an elevated T maze 4 ft. in 
length with starting arm 2 ft. long. All units 
were 2 in. wide, and the maze surface was 
15 in. from the floor. To eliminate extra- 
maze cues, the experiment was conducted in 
the dome room described in Experiment I. 

Each animal received all experimental trials 
on one day. Between each trial, Ss were re- 
turned to a restraining compartment for ap- 
proximately 1 min. of rest. The noncorrection 
method was used throughout the experiment. 
On the experimental day, one trial was given 
to determine any initial preference; no reward 
was present in the maze during this trial. On 
succeeding training trials, reward was always 
present in one of the two goal boxes. A 
schedule of reward placement was constructed 
from a table of random numbers in such @ 
manner that reward was predominantly on one 
side of the maze during the first half of train- 
ing, but was then reversed so that it was pres 
sented predominantly on the other alternative 
for the latter half of training. Specifically, re- 
ward was presented in 9 out of the first 13 
trials on the side initially preferred by the S, 
and then the schedule was reversed so that re- 
ward was presented in 9 out of the last 13 
training trials on the side not initially pre- 
ferred. Following the 26 trials in which re- 
ward was always present in one goal box, 
15 additional trials were administered during 
which no reward was presented. 


RESULTS AND CONCLUSIONS 
Criterion Measure 


An attempt was made to create a 
situation in which frequency and re- 
cency should lead to different predic- 
tions. Because reinforcement is pos- 
tulated to have important effects upon 
the strengths of competing response 
tendencies, responses during extinction 
were selected as best for evaluating the 
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relative magnitudes of competing re- 
sponse tendencies. 

The relative number of responses to 
each alternative during a complete “al- 
ternation cycle” has been utilized by 
Hull (7) as a measure of the relative 
Strengths of computing reaction poten- 
tials. He states: 


. .. The momentary oscillation principle does 
not prevent the occurrence of appreciable se- 
quences of one reaction to the exclusion of 
the other. Perhaps the most fundamental con- 
eb ... is that of response alternation. A 
poe alternation is said to occur when one 
ype of response shifts to the other. For ex- 
ample, in the response-sequence fragment 


R- |R+ R+ R+|R— R- |R+ 


aate are three alternations, each marked by 
ee lines. Our second concept, flowing di- 
ae the first, is that of the alternation 
anne this includes the number of reactions 
Gatton between two successive response alter- 
eon: Thus, in the above example, the first 
tains = alternation phase represented con- 
the ; ree R+'s. Our third concept is that of 
the a ternation cycle. An alternation cycle is 
Seen of responses comprised in two 
jas nave alternation phases. In the above ex- 
Rect an alternation cycle of 3+2, or five 
vertiest is enclosed between the two heavy 
ps lines, Finally, there is the concept of 
is ee of the response cycle; this refers 
mor e fact that a behavior cycle may contain 
in e reactions in one alternation phase than 
the other (7, p. 42). 


_ It is the asymmetry of responses dur- 
mg the first complete alternation cycle 
of the extinction period that is of espe- 
cial interest to us here. Hull shows that 
Where the reaction potential associated 
With one response is greater than that 
associated with the other, response al- 
ternation cycles will be asymmetrical, 
With a majority of responses made 
to the alternative associated with the 
Bteater reaction potential. Thus, the 
rative length of phases during an al- 
€tnation cycle is an acceptable crl- 
terion for inferring relative strengths of 
competing response tendencies. Predic- 
tions based upon frequency and recency 


principles were made for responses of 
the first complete alternation cycle of 
the extinction period, and a chi-square 
test used to determine the significance 
of number of correct predictions. 


Results 


Twenty-one of the 30 Ss made a ma- 
jority of responses, during the first com- 
plete alternation cycle of the extinction 
period, to the alternative on which re- 
ward had been most recently encoun- 
tered. A chi square of 4.033 with 1 df 
is significant at the .05 level of con- 
fidence. 

If it is predicted that a majority of 
responses during the first complete al- 
ternation cycle will be made to the al- 
ternative responded to most recently 
during training, it is found that the be- 
havior of 22 of the 30 Ss is correctly 
predicted. With a one-tailed test, which 
is appropriate in light of the theoretical 
hypothesis of this paper, a chi square of 
5.633 with 1 df is significant at the .01 
level of confidence. 

When it is predicted that a majority 
of responses during the first complete 
alternation cycle will be to the side re- 
sponded to most frequently, the behavior 
of only 16 out of 30 Ss is correctly pre- 


dicted. 


The behavior of 17 out of 30 Ss is 


TABLE 2 


RECENCY AND FREQUENCY PRINCIPLES IN 
Prepicrinc MAJORITY oF RESPONSES 
Dourine First (ALTERNATION CYCLE 
oF EXTINCTION PERIOD 


Correct Incorrect 


Predict Majority of Responses 


1. Toalternative responded to a , 
most recently 

2. To alternative rewarded A 5 
most recently 

3. To alternative responded to és P 
most frequently 

4. To alternative rewarded ; a 
most frequently 1 
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correctly predicted on the basis of fre- 
quency of reward. Because the total 
number of reward placements was 
equated for the two alternatives, the 
algebraic sum of positive and negative 
outcomes associated with responses to 
each side was always equal. Such a 
model would lead to the prediction of 
an equal probability for each alterna- 
tive or, in other words, to no directional 
prediction in this situation. 


SUMMARY 


1. One of the important controversies 
among contemporary learning theorists 
is the question of whether Ss utilize all 
past experiences equally or whether re- 
cent experiences are of greater impor- 
tance in determining responses in a se- 
lective learning situation. 

2. It is possible to utilize contempo- 
rary theories of learning as a basis for 
individual response predictions. Be- 
cause learning is a change within the 
individual organism, the final test of a 
theory of learning is its ability to pre- 
dict individual behavior. 

3. The work of Voeks indicates that 
postremity predictions are less accurate 
where they conflict with frequency-based 
predictions than where the two predic- 
tions are not opposed, although post- 
remity predictions were more accurate 
on the average in her situation. This 
suggests that a theoretical model which 
bases predictions upon both frequency 
and recency should be superior to one 
which utilizes only one principle or the 
other. 

4, After reviewing models for indi- 
vidual response predictions which may 
be derived from postremity, frequency, 
and probability theories, a predictive 
model was tentatively suggested which 
incorporated both recency and frequency 
into a cognitive theory of learning. 

5. Experiment I presented a T-maze 
situation in which reward was randomly 
varied (50-50) between the two alterna- 
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tives. Individual responses were pre- 
dicted from postremity, frequency, and 
probability models. The accuracy of 
these predictions was compared to the 
accuracy of predictions based upon a 
model taking both frequency and re- 
cency into consideration. The latter 
model was found to predict with sig- 
nificantly higher accuracy than were any 
of the other models from which predic- 
tions were derived. 

6. Expriment II presented a T-maze 
situation in which the reinforcement 
schedule first favored one alternative 
and was then reversed to favor the 
other alternative. The learning period 
was followed by an extinction period. 
The relative number of responses made 
to each alternative during the first com- 
plete alternation cycle of the extinction 
period was used as a measure of the 
relative strengths of competing response 
tendencies developed during the learn- 
ing period. In this situation, it was 
found that recency predicted signifi- 
cantly better than chance, while fre- 
quency predicted only at the chance 
level. 

7. The general conclusion of this pê- 
per is that a theoretical model which in- 
corporates both the principles of recency 
and frequency can predict individual Ie 
sponses more accurately than one which 
considers only recency or frequency 
alone. Estes and Burke (5) have dem- 
onstrated that Guthrie’s contiguous 45° 
sociation theory can be quantified to 
serve as the basis for predictions whi 
are based upon both recency and fre- 
quency. It should be possible for any 
of the contemporary theories of eam 
ing to incorporate both principles. Unti 
frequency and probability theories 1- 
clude a recency principle it appears tha 
they will be neglecting an important 
consideration, as shown by the growing 
body of data on the relative importance 
of recent events in the learning sequence: 

8. This paper has indicated how # 
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cognitive-probability model might in- 
corporate both recency and frequency 
principles. It is also suggested that re- 
finement of predictions based upon this 
model can be achieved through develop- 
ing coefficients which more accurately 
reflect empirical data. 
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‘PROPRIOCEPTIVE CONTROL OF MOVEMENTS 
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It is generally known that accurate 
execution of movements depends upon 
proprioceptive information reaching the 
central nervous system. Clinical evi- 
dence (7, p. 235) as well as experimen- 
tal findings (8) indicates that control 
and perception of movements are very 
poor when this sensory channel is not 
functioning. 

Little is known, however, about the 
specific characteristics of proprioceptive 
stimulation that permit the individual to 
control changes in position, rate, or ac- 
celeration of his limbs. In other words, 
no detailed theories of proprioception 
comparable to the specific theories avail- 
able for some other sense modalities 
have been developed (7, p. 234). Most 
of the available knowledge in this area 
is based upon anatomical investigations 
of the receptor system, its neural con- 
nections, and its central representations. 
Although several types of receptors have 
been identified (13, p. 1185; 14), dif- 
ferentiation of their function is as yet 
not clearly established. It is thought 
that forces internal to the body act as 
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proprioceptive stimuli, but the processes 
by which these stimuli are encoded into 
messages which ultimately form the ba- 
sis for perception and control of move- 
ments are not well understood (7, p. 
234). 

Behavioral data specifying the rela- 
tions between stimulus and response 
characteristics have been difficult to ob- 
tain because of problems of controlling 
proprioceptive stimuli. Investigators 
have used drugs or faradic currents (8, 
9) as means of reducing the effective- 
ness of proprioceptive stimuli. Re- 
cently, an indirect approach to this 
problem has been attempted. This ap- 
proach consists of varying the type and 
degree of resistance to motion offered by 
a control which S uses in the execution 
of movements. The effect of this varia- 
tion upon S’s ability to perceive and 
control his movements is studied, and 
an attempt is made to infer character- 
istics of the proprioceptive system. AS 
a technique of investigating propriocep- 
tion, this approach has obvious limita- 
tions. The forces which S applies to 
move a control are only indirectly re- 
lated to the proprioceptive stimulation 
he receives during the execution of the 
movement. The cutaneous senses are 
also stimulated during movement, and 
unknown transformations are involved 
between the control force acting upor 
the limb and the proximal stimuli act- 
ing upon receptors in muscles, tendons, 
or joints. 

Despite these substantial limitations, 
the approach has some theoretical as 
well as practical advantages. The forces 
required to move a control, and thus 
also the control forces acting upon the 
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limb, can be specified as a function of 
four physical properties of the control 
and these properties can all be regulated 
conveniently by E. They are mass, vis- 
cosity, elasticity, and the degree of cou- 
lomb friction. In a control such as that 
used by Howland and Noble (11) these 
parameters combine according to the fol- 
lowing time-varying system equation: 


Lı = K0 + B do/dt + Jd*0/dt*, (1) 


where the left-hand side of the equation 
is the force applied by the human arm, 
the right-hand side represents the com- 
ponent resistive forces offered by the ex- 
ternal control, L; is the torque required 
to move the control at any instant of 
time (£), K is the constant of elasticity 
of the control, B is the viscosity con- 
stant, J is the moment of inertia, and 6 
is the angular displacement of the con- 
trol with respect to its neutral, or spring- 
entered; position (6). Coulomb fric- 
ion has been neglected in this equation, 
as have the internal resistive forces in 
the limb itself. 
Pi has already been pointed out that 
B force which the control exerts upon 
e limb may not be equated to proprio- 
ceptive stimuli. However, one may as- 
sume that the forces which do act as 
proprioceptive stimuli during the move- 
ment of limbs are determined by physi- 
cal properties of our limbs analogous to 
those specified in the above equation for 
the control. Previous investigation (4) 
has already established some of these 
physical properties of limbs and their 
significance in relation to the control of 
movements. These physical properties 
of limbs are difficult to control, and the 
Present approach attempts to infer their 
function in proprioception by studying 
the effects of analogous characteristics 
of controls where these properties can 
be manipulated conveniently. n 
From an applied viewpoint, this ap- 
Proach may be useful in that the data 
are relevant to the solution of human 


engineering problems related to the de- 
sign of controls used in man-machine 
systems, or to the design of prosthetic 
devices. 

In the present article some general hy- 
potheses are developed about the effect 
of each of the physical control parame- 
ters specified in Equation 1, and data 
are reported which test these hypotheses. 

Inspection of Equation 1 shows that 
the torque needed to move the control 
depends upon its position, rate, and an- 
gular acceleration, the relative impor- 
tance of these depending upon the re- 
spective values of the elasticity, damp- 
ing, and inertia constants. Thus, if the 
elasticity constant K is zero, the torque 
required to move the control will be in- 
dependent of its position, but if K is 
relatively large, the torque will vary 
largely as a function of position. Analo- 
gous relations exist between the damp- 
ing constant B and angular velocity, and 
between the moment of inertia and an- 
gular acceleration. 

It is now hypothesized that a man can 
use the force cues obtained in moving 
the control to improve his perception of 
rate, and acceleration of limb 
motion. Specifically, it is hypothesized 
that the elasticity constant of the con- 
trol improves S’s ability to perceive and 
control positions, the damping constant 
improves perception and control of rate, 
and the moment of inertia improves the 
perception and control of acceleration. 
Thus, an increase jn each of these con- 
trol constants should lead to improve- 
ment in the corresponding behavior. At 
the same time, it is hypothesized that 
an increase in any of the control con- 
stants will affect adversely performance 
which is aided by the other constants. 
Thus, increases in K are expected to in- 
terfere with the control and perception 
of rate and acceleration, while increases 
in B and J will affect adversely the con- 
trol and perception of position. This hy- 
pothesis suggests itself, since the force 


position, 
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required to move the control would not 
be expected to provide useful cues for 
the control of rate if it changes rapidly 
with position, and, conversely, it should 
not offer useful cues for the detection of 
position if it varied greatly as a func- 
tion of rate or acceleration. 

Several experiments have been con- 
ducted in which the accuracy of move- 
ment was studied as a function of the 
physical characteristics of controls (1, 2, 
3, 10, 11). A few of these (1, 2, 10) 
were designed specifically to test the 
above predictions. In one study (2) 
Ss performed simple circular and tri- 
angular control motions with a joystick 
control which was loaded with various 
degrees of spring stiffness, or damping, 
or mass. In each control-loading con- 
dition, the movements were first prac- 
ticed with the help of a visual guide and 
paced by means of a metronome. The 
visual and auditory guides were then re- 
moved, and Ss were instructed to repro- 
duce the motions as accurately as pos- 
sible. Photographic records of all mo- 
tions were obtained and measured for 
accuracy of temporal and spatial repro- 
duction. It was found that an increase 
of viscous damping or of inertia of the 
control resulted in greater uniformity of 
speed within individual motions, and also 
in greater uniformity of speed in suc- 
cessive reproductions of the same mo- 
tion. In the case of the triangular 
motions, increased mass and increased 
damping led to greater uniformity of 
peak velocity on each side of the tri- 
angle on successive trials. Spring load- 
ing interfered with the control of rate 
and acceleration, but its effect upon 
spatial accuracy of the reproduced mo- 
tion was, in general, not significant. It 
was suggested that extended practice is 
needed for effective utilization of cues 
provided by spring loading. 

This hypothesis was checked in a sec- 
ond experiment (1) in which the accu- 
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racy of positioning a horizontal arm con- 
trol was investigated as a function of 
changes in the torque-displacement re- 
lation of the control. Extended prac- 
tice was given and knowledge of results 
was provided. It was found that posi- 
tioning errors are smallest when the 
ratio of relative torque change to dis- 
placement is largest. Under optimum 
conditions of spring loading, average po- 
sitioning errors were less than half the 
amount obtained for a control which was 
not spring loaded. It was concluded 
that force cues provided by a spring- 
loaded control can improve the accu- 
racy of positioning a control, and that 
the amount of improvement is a func- 
tion of the relative and absolute torque 
change per unit of amplitude change. 

Further investigation ® of the useful- 
ness of force cues in regulating the am- 
plitude of motion has supported the 
above conclusions. It was shown that 
the transmission of amplitude informa- 
tion can be increased significantly by 
spring loading the control used by $S- 
Optimum results were obtained with a 
control which provided geometric incre- 
ments of force as a function of arith- 
metic changes of amplitude. This con- 
dition provides force cues which arè 
equally discriminable over the range of 
amplitudes employed (12, 15), and 
yields the largest number of absolutely 
discriminable categories of amplitude re- 
sponse. 

Although the above results support 
the general hypotheses regarding the ef- 
fects of K, B, and J constants upon the 
control of movements, many questions 
remain unanswered. In order to estab- 
lish that the observed effects are due tO 
changes in proprioceptive stimulation, Ít 
will be necessary to control cutaneous 
sensitivity. It is hypothesized here that 
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the contribution of cutaneous receptors 
is most significant in relation to minute 
manipulatory responses, and least sig- 
nificant for larger movements of the 
type dealt with here. 

Further problems arise because the 
control parameters under discussion have 
certain mechanical effects upon the na- 
ture of movements, and these must be 
separated from the effects upon pro- 
prioceptive stimulation. Large amounts 
of damping, for example, make rapid 
movements difficult and fatiguing, and 
greater uniformity of movement rate 
observed under these conditions may 
reflect mechanical effects rather than 
improved proprioceptive discrimination. 
The identification of these mechanical 
effects becomes more difficult when con- 
tinuous movements are dealt with, as 
was shown in the study by Howland 
and Noble (11). Interactions among 
the physical parameters: of controls may 
cause complex mechanical effects such 
as oscillation, and these may obscure or 
counteract the effects due to augmented 
Pec noceptive stimulation. In general, 
i . analysis of K, B, and J effects is 
elatively simple for discrete, adjustive 
Movements of the type primarily dealt 
with so far, but becomes increasingly 
Complicated for complex or continuous 
Motions. 

Work now in progress attempts to es- 
tablish relations between the forces ex- 
erted upon a control, and intensity of 
Stimulation at the receptors in the elbow. 
This analysis is based upon a simplified 
Mechanical model of the arm (16) by 
Means of which forces acting upon the 
hand are resolved at the elbow joint (5, 
P. 319). In this manner it may become 
Possible to infer changing intensities of 
Stimulation of receptors at the joint dur- 
ing the course of movements. 

Ultimately, the development of pro- 
Prioceptive theory described here must 

e supported by a more direct analysis 


of K, B, and J factors within the body, 
and their effects upon the perception and 
control of movements. This, in turn, 
will require a better understanding of 
the biophysical principles by which 
forces internal to the body are brought 
to bear upon proprioceptive receptors. 
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r Borealis theory, originally designed 
pale andle certain problems in communi- 
Gene engineering (41), needs to be 
oo from psychological infor- 
is theory, which is one of its off- 
i B s. The former consists of a mathe- 
za ical language, incorporating a num- 
Pe a distinctive measuring techniques. 
a“ ological information theory is, in 
tific Tast, a type of theory in the scien- 
a sense: it applies information-theory 
Sie pe to phenomena within the pur- 
Mn psychology and uses informa- 
on eory language to formulate laws 
ako ypotheses with testable implications 
ut behavior. 

ee literature contains several 
5 ches of such theory (eg. 1, 26, 

), mostly concerned with how human 
eings code information or with how 
“a information can pass through 
poa in particular situations. There 
: e many unmistakable affinities be- 
ween this kind of psychological theory 
and S-R behavior theory (learning thes 
ory): they have overlapping interests 10 


It was written 


the Behavioral Sciences. 
bsence from 


ile the author was on leave of a 


such matters as discrimination, remem- 
bering and reaction time, they share a 
predilection for operationally definable 
and quantitative concepts, and they 
start out, respectively, from the closely 
related “black-box” and “neobehavior- 
ist” points of view. It is therefore 
rather disappointing that so little inte- 
gration between theories of the two 
types has yet taken place. We can re- 
gard two theories as “integrated” if one 
can be deduced from the other or if 
both can be deduced from a third the- 
ory. Before any integration can be at- 
tempted, the scope of information-the- 
ory language within the domain of be- 
havior theory must be examined, which 
means considering to what extent re- 
course to it is possible and to what ex- 
tent, if possible, it is useful. 

The use of information-theory meas- 
ures is possible whenever we have a 
partition, i.e., a set of phenomena that 
can be divided into non-overlapping sub- 
sets, and a probability distribution, i.e., 
a way of associating with each subset 
a number from 0 to 1, such that the 
numbers associated with all the sub- 
sets in the partition add up to 1. 
Whenever these two requirements are 

res as “amount of 


fulfilled, such measu 
» “uncertainty,” and “rela- 
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soon as we have two sets of phenomena 
satisfying both requirements, the two 
can jointly be regarded as a “trans- 
ducer,” and the relations between them 
described in terms of “transmitted infor- 
mation,” “noise,” and “equivocation.” 
The phenomena that concern behav- 
jor theory consist, in fact, of two sets 
that can be partitioned into subsets with 
associated probabilities, namely stimuli 
and responses. The language of infor- 
mation theory is therefore, in principle, 
applicable to everything within the com- 
petence of behavior theory. Two limita- 
tions to its appropriateness have often 
been pointed out (14, 47). One is that 
the behavior theorist is especially inter- 
ested in learning, i.e., in situations where 
probabilities of responses are changing. 
The other is that information-theory 
measures take no account of any or- 
dering of the subsets in the partition 
or, more particularly, of the fact that 
stimuli and responses are not confined 
to nominal scaling (44). But these 
limitations are not insuperable. Infor- 
mation-theory measures can be derived 
from response probabilities at different 
stages of a learning process and com- 
pared, or else they can be applied when 
learning is near its asymptote. Stimuli 
and responses can be successively de- 
scribed in information-theory terms and 
in terms of physical or psychophysical 
dimensions, and the different measures 
can be related. For example, a re- 
sponse-class can have attached to it 
both a mean reaction time and a rate 
of transmitted information, and connec- 
tions between the two can be explored. 
If the possibility of describing the 
domain of behavior theory in informa- 
tion-theory language is accepted, the 
question of its usefulness still remains. 
One of the principal functions of any 
language is to make secondary or medi- 
ated generalization and discrimination 
possible. A language incorporates clas- 
sifications, of which measures are spe- 
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cial cases. Classifications are procedures 
for attaching certain descriptive terms 
(values in the case of measures) as 
verbal responses to certain items in the 
universe of discourse but not to others. 
Items bearing a common verbal label 
come to evoke similar behavior in the 
users of the language. A classification 
is useful only as long as the items al- 
lotted the same label share some im- 
portant quality, such that a common 
response to them will be rewarded (or 
reinforced) despite other qualities that 
might distinguish them. Information- 
theory measures are useful for the de- 
scription of behavior, therefore, if these 
measures are closely related to other 
variables that have proved to be impor- 
tant for psychology. : 
A large body of data demonstrating 
that such is the case has been amassed 
within the last ten years. Reaction 
time, retention of verbal material, and 
accuracy of psychophysical judgment, 
to cite examples, appear to be functions 
of “uncertainty” and “amount of trans 
mitted information.” The situations 2 
which such associations have been found 
have, however, been situations in which 
subjects have some knowledge of +*e 
range of alternative stimuli that might 
occur and of their probabilities. This 
knowledge is provided by Æ’s instruc 
tions, or by the presentation of a suffi- 
cient sample of material for estimates 
to be made, or, as in experiments using 
natural languages, by previous trai- 
ing. It has, indeed, been contended bY 
Cronbach (14) that information-theorY 
measures in psychology should be C0” 
fined to cases where “the receiver knows 
the probabilities and joint probabilities 
of the source.” As Cherry reminds Y5» 
information theory is part of the “met 
language of an external observer; it ! 
not a description of the process of COM” 
munication as it appears to one of pr 
participants” (13, p. 170). An observe? 
can compute information-theory meas 
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ures from data not accessible to the in- 
dividuals he is observing. But there is 
not likely to be much connection be- 
tween these measures and variables of 
psychological importance, unless there is 
some isomorphism between the situation 
as viewed by the observer and the situa- 
tion as it impinges on the observed or- 
ganism. 

, The situations in which the use of 
information-theory terminology has had 
some success can be analyzed further as 
follows: 


1. There is an antecedent stimulus- 
pattern, S,. It may consist of the 
background conditions of the experi- 
ment, of an E’s warning signal or, in 
Sequential studies, of any item in a se- 
quence, 

b 2. Whenever S, occurs, it is followed 
y one and only one of a set of conse- 
quent stimuli {S1 ... Sn}. 

3. Whenever one of the consequent 


` Stimuli occurs, a particular response 


Corresponding to it is performed. 

a The responses corresponding to 
e consequent stimuli are such that no 

ae than one of them can be per- 

Ormed at once, whether because of 

the Es instructions or because of some 

nysiological incompatibility between 
m. 


a such situations, one can predict 
t at all the # responses corresponding 
© the consequent stimuli will become 
Conditioned to Sẹ. No more than frac- 
tional components of these responses 
an be expected to occur immediately 
after the onset of Sz, both because 
Simultaneous performance of the com- 
Plete responses is precluded by the con- 
itions of the experiment and because 
eetformance of any of them before the 
mee sequent stimulus appears will not be 
inp orced, so that the conditions for 
hibition of delay will be fulfilled (38). 
ret will thus come to evoke competing 
Sbonse tendencies. For Hull’s theory 


(27, 28), these response tendencies will 
be “reaction potentials.” Cognitive be- 
havior theories (e.g., 45) would de- 
scribe them as “expectations” of the 
consequent stimuli, and the “expecta- 
tion” resembles the “reaction potential” 
insofar as both imply the occurrence 
of a particular response, if certain addi- 
tional conditions are met. 
Furthermore, the relative strengths of 
the competing response tendencies will 
reflect the probabilities of the corre- 
sponding stimuli. Whether one regards 
the number of reinforced trials (27, 28), 
the variety of stimulus situations that 
have been contiguous with the response 
(23), or the number of times an ex- 
pectation has been confirmed (45) as 
the decisive factor, responses associated 
with more frequent consequent stimuli 
will become more strongly associated 
with S,. There is, in fact, experimental 
evidence (17, 21) that the strength of 
a predictive verbal response (which is 
especially relevant here), as judged by 
the asymptote of response probability, 
increases with the probability of the 
corresponding stimulus. 
To sum up, the situations in which 
information-theory language has been 
of value are ones in which conflict is an 
important factor, and the theory of con- 
flict seems to be one area where linkages 
between information theory and behav- 
ior theory may hopefully be sought. 
r ConrLIcT (C) 
he study of conflict is to progress 
Mp the effects of its pres- 
ome way of distin- 
ence or absence, § way © 
-hing degrees Of conflict will have to 
gushing ma The degree of conflict is, 
be adopted. arily the same as 
of course, not necess ot Of 
Che ser of ke oe de 
REA EA e merely 
ieten E F TA A would be 
terminant. of the conflicting response 
the, nals whether they are ap- 
tendencies GE: E [36]) 
proach oF avoidance 


DEGREE O: 


332 


and the conflict tolerance of an indi- 
vidual organism. Brown and Farber 
(11) suggest two conditions for the de- 
gree-of-conflict function (or, as they call 
it, “frustration”), viz., that it increase 
with the absolute strengths of the com- 
peting tendencies, and that it increase 
as their strengths approach equality. 
They, like most writers who have con- 
sidered psychological conflict, confine 
their attention to conflicts between two 
response tendencies. If conflicts involy- 
ing three or more alternatives are to 
be included in the treatment, as would 
seem desirable, the number of compet- 
ing tendencies can be proposed as a 
third variable with which degree of con- 
flict increases (4). 

We can thus state the conditions for a 
degree-of-conflict function a little more 
precisely, as follows. Let us assume 
that response tendencies corresponding 
to a set of responses {R; ... R,} occur 
in an organism, that the responses in the 
set are such that no two of them can be 
performed at once, and that some non- 
negative quantity Æ (e.g., Hull’s “reac- 
tion potential”) can be associated with 
each response tendency (as a measure 
of its strength). 

It should be noted that, although the 
responses cannot occur simultaneously, 
we are assuming that their correspond- 
ing response tendencies can. Second, 
there is no reason why several independ- 
ent sets of competing response tenden- 
cies should not be aroused in the same 
organism at once. Third, we are con- 
sidering cases where there is com- 
plete incompatibility, whether innate or 
learned, between alternative responses. 
It is, however, conceivable that two re- 
sponses may be partially antagonistic, 
ie. the evocation of one may reduce 
the amplitude or probability of the 
other without excluding its performance 
altogether. This may suggest degree of 
incompatibility between responses as an 
additional determinant of degree of con- 
flict (4), which would complicate any 
mathematical treatment. Possible ways 
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of reducing degree of incompatibility to 
other variables, when learned incompati- 
bility is involved, are considered else- 
where (7). 

The degree-of-conflict function C (E1 
...£,) should then have the following 
properties: 


1. C is continuous and symmetric in 
the E;; 


2.6 = 0; 
3. ifm=1,C=0; 


4. with >> EZ; held constant, C reaches 


i=l 
an absolute maximum when £1 = 
E,= ++» = Ey; 
if Ey = Ey = ++. = En and a re- 
sponse R,+1 with strength En+ı > 9 
is added to the set {Ri +++ Ra}, © | 
increases; 


wn 


6. if every E; is multiplied by k > 1; 
C increases. 


Now, let us suppose that we have @ 
way of translating the Æ value for each 
response into a p value, or measure 0 
probability, such that 


10<p<1; 

2. Dp = 1; 
i=l 

3. if E = E: = --- = E,, then pi = 
b: = +++ pa = 1/n; 


4. if one E; increases with the others 
held constant, then the correspon J 
ing p increases and the other $5 
decrease. 


Some theorists (e.g., 12, 16) content 
themselves with probability as a sole 
measure of response strength. Others 
(e.g., 27, 42, 43) recognize additiona 
ones, such as latency, frequency, resist- 
ance to extinction, amplitude and vigor: 
Of these, mean latency and mean fre- 
quency are merely the reciprocal of the 
probability that a response of the class 
in question will occur during one unit of 
time. Resistance to extinction may bé 
regarded as the rate at which respons? 
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Probability decreases when reinforcement 
is withdrawn. But other measures of 
Tesponse strength, expressing the energy 
with which the response is performed, are 
not the same as probabilities. Hull (28, 
pp. 25 ff.) and Spence (43, App. A) pre- 
sent methods for transforming Es into 
Probabilities, when Æ is the Hullian re- 
action potential. Doing this means, 
however, losing information, since many 
sets of E values can be represented by 
the same set of p values. Whenever we 
have two or more independently defined 
Tesponse classes, as distinct from one 
Tesponse class and its complement, proba- 
bility is a measure of relative and not ab- 
Solute response strength. The distinc- 
ee may be important. For example, 
‘leg may be torn between his duty 
i ae e community and his duty to his 
family, while Mr. B may have difficulty 
in deciding whether or not to spend a 
=the sum on a newspaper. Both of 
em have two response tendencies with 
Probabilities of .5, but in other respects 
e effects of the two conflicts may be 
radically different. 
and that as it may, the use of probabili- 
Ee S to express response strengths provides 
Tiea the partition and the probability 
for ribution that are necessary conditions 
X Tecourse to information-theory meas- 
Me _And if we examine the information 
eorist’s formula for “uncertainty” or 
e topy” (=F; pi loge pi), we find that 
satisfies the first five of our require- 
ments for a degree-of-conflict function, 
ut not the sixth. It increases with the 
a aber of alternative responses and is 
P a maximum when their strengths are 
a But it does not vary with their 
esolute strengths. In order to make 
Uncertainty” fulfill all our conditions, we 
Can multiply it by some such quantity as 
a mean Æ. French’s hypothesis (20) 
at the frustrating effects of a binary 
Conflict are a function of the weaker of 
the two opposing forces suggests thag 
Uncertainty” should be multiplied by 
B © minimum rather than the mean E. 
ut this would produce rather anomalous 
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results in higher-order conflicts when 
there are one very weak and several very 
strong response tendencies in competi- 
tion. Our expression for degree of con- 
flict then becomes —E F; p: log p: ++- 1. 
Put somewhat differently, “uncertainty” 
can be regarded as an indication of the 
“complexity” of a conflict, or of the diffi- 
culty that an observer would have in pre- 
dicting which of the conflicting responses 
will be the first to occur. It does not 
reflect the “scale” of the conflict, which 
depends on the energy invested in the 
competing response tendencies. There 
may be a temptation to relate these two 
components to the utility and probability- 
of-outcome factors that must be taken 
into account in decision theory, or to the 
motivational and structural factors that 
often have been distinguished in psycho- 
logical literature. But any such corre- 
spondence would be misleading. Both 
the “uncertainty” and the H are deter- 
mined by absolute response strengths, 
which depend on both motivational 
(utility) and structural (probability-of- 
outcome) variables; e.g., Hull’s “reaction 
potential” (28) depends on “drive” and 


“amount of reinforcement” on the one 


e, 3 
hand and on “number of reinforcements’ 
It is in- 


(habit-strength) on the other. 
teresting to observe that Shannon (41, 
p. 19) gives —K DY: p: log pias the only 
function satisfying his assumptions, and 
goes on to describe K as amounting toa 
“choice of a unit of measure” or, m other 
words, to some scaling factor comparable 


to our É. 
Expression 1 is, however; by no ene 
the only one that will accord wit 
our requirements. Another function; for 
example, that will do so without ne- 
cessitating 4 transformation of Ae 
a E Ee en 
Hull’s reaction potential, this 
ill not, in general, have the 
s Expression 1, because 
rtional to re- 
action potent Jt will, however, be 
an increasing 


Expression af 


——— 
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Weare not even confined to logarithmic 
functions, since we lack the additivity 
requirement that makes them mandatory 
for Shannon’s purposes. A non-logarith- 
mic function that will pass muster is 


(Ey — 1) r 
TES cB 


Our requirements are, in fact, very 
weak ones, which a large number of func- 
tions will fit. Further research will, no 
doubt, add stipulations, allowing the 
range of possible functions to be narrowed 
down. For instance, one additional re- 
quirement that-may be held reasonable, 
in view both of everyday observation of 
persons confronted with choices and of 
the logarithmic relation that obtains be- 
tween number of alternative stimuli and 
choice reaction time, is that C should be 
a negatively accelerated increasing func- 
tion of n. If this were adopted, then 
Expression 1 would be among those still 
meriting consideration, but Expressions 
2 and 3 would be ruled out. 


- 3. 


CORRELATES OF DEGREE OF CONFLICT 


A degree-of-conflict measure, like an 
information-theory measure, can be justi- 
fied as a classificatory device only if 
situations that have a common value 
assigned to them by the measure result 
in similar behavior, much as they may 
differ in other respects. The following 
are some psychological variables that 
appear likely, in the light of present 
knowledge, to depend on degree of con- 
flict. They may actually turn out to be 
closely interrelated, but they are here 
separated for convenience. 

1. Emotional disturbance. Various 
‘writers, from Dewey (15) on, have men- 
tioned conflict as a cause of “emotion.” 
Both the special reaction patterns (24) 
and the disruption of habitual behavior 
(31) that are characteristic of “emo- 
tional disturbance” have been ascribed 
to the occurrence of divergent neural 
processes. The power of conflict to pre- 
cipitate neurotic behavior was pointed 
out independently by Pavlov and by 


D. E. BERLYNE 


Freud, employing very different research 
techniques. So far, merely the depend- 
ence of these phenomena on relatively 
severe conflict has been noted, but fu- 
ture progress may well demand a quan- 
titative treatment, in which intensities 
of disturbance are differentiated and re- 
lated to degrees of conflict. 

2. Reaction time. A lengthening of 
reaction time (or decision time or choice 
time) has often been reported as a con- 
sequence of conflict (see Berlyne [7])- 
A link with information theory presents 
itself in the finding that reaction time 
increases linearly, at least in some con- 
ditions, with “uncertainty” (26, 29); 
mean reaction time has been found to 
increase when alternative stimuli ap- 
proach equiprobability and when they 
become more numerous. If, as we con- 
cluded, the number of competing te 
sponse tendencies corresponds to the 
number of alternative stimuli, and if the 
relative strengths of those tendencies re- 
flect the probabilities of the correspond- 
ing stimuli, we can infer that two of the 
suggested determinants of C affect re- 
action time. 

Both traditional experimental PSY" 
chology and psychological informatio? 
theory have hitherto concentrated OP 
“forced-choice” situations, in which only 
one response is appropriate to each al- 
ternative stimulus, and selection of a 1°- 
sponse depends on identification of thé 
stimulus. A recent investigation by the 
writer (7) compared forced choices wit 
free choices. For the latter, two OF 
more stimuli were presented togethe! 
and the response corresponding to 40Y 
one of them was to be performed. Both 
kinds of choice can be assumed to €” 
tail conflict: the free choice means 4 
conflict between response tendencies 
about equal strength evoked by thé 
stimuli that are simultaneously present, 
while the forced choice means an UD 
equal and therefore relatively mild cor- 
flict between a strong tendency to 1°- 
spond correctly to the one stimulus that 
occurs and weak tendencies to make 1°- 
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sponses appropriate to other stimuli, re- 
sulting from generalization. The usual 
information-theory analysis of the forced 
choice, in which the S is viewed as a 
transducer with a limited channel ca- 
pacity, is not helpful for the treatment 
of the free choice. 

Free-choice reaction times invariably 
exceeded forced-choice reaction times, 
and both were longer when the number 
of alternative stimuli and responses was 
increased from two to four, as the 
hypothesis that reaction time increases 
with degree of conflict would lead one 
to expect. Furthermore, when the ab- 
Solute strengths of the response tend- 
encies—the determinant of degree of 
conflict that is disregarded by uncer- 
tainty—were manipulated by changing 
the intensity or extensity of the stimuli, 
changes in free-choice reaction time re- 
sulted. 

3. Drive. Various considerations and 
observed phenomena have led a number 
fe writers (e.g., 11, 30, 46) to conclude 
mat conflict may be a drive condition. 
ani drive resulting from conflict as 
f must, of course, be distinguished 
er other drives that may be at a 
men level because conflict blocks the be- 

avior that would normally reduce them. 

A certain amount of evidence for a 
Conflict drive was obtained by Lowell 
(30), who found approach-approach 
Conflict to produce a greater speed of 
running in rats than a single approach 
tendency. A supplementary observa- 
tion fitting our conception of C was 
that the conflict drive was not so much 
in evidence when the stimuli were un- 
€qual in intensity or when learning was 
incomplete (and the competing response 
tendencies presumably relatively weak). 

_Wyckofi’s experiment (48; 49) RIS 
vides other data that might be pre- 


dicted from our assumptions. His pi- 
Zeon Ss were rewarded with food when 
olor 


they pecked at a key of a certain © 
and not rewarded when the key was of 
another color. They were then tested 
With the key white, but the color indi- 
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cating whether pecking would be rein- 
forced or not appeared if the animal 
stepped on a pedal. The pedal response 
was rapidly learned, even though it did 
not affect the probability of receiving 
food. It merely diminished the pigeon’s 
“uncertainty” by one bit. The white 
key is reminiscent of the stimulus that 
made the dog neurotic in the famous 
Shenger-Krestovnikova experiment (38, 
pp. 290 ff.). This stimulus, intermedi- 
ate in shape between the reinforced cir- 
cle and the nonreinforced ellipse, was 
thought by Pavlov (38, p. 318), to pro- 
duce a “conflict between excitation and 
inhibition.” If the white key produced 
a conflict in Wyckoff’s pigeons between 
tendencies to peck and to refrain from 
pecking, or between tendencies to ex- 
pect and not to expect food, the color- 
ing of the key that was a consequence 
of stepping on the pedal must have re- 
duced the conflict by strengthening one 
response tendency and weakening the 
other. Ifa conflict drive is proportional 
to C, reduction of the drive can be ex- 
pected to reinforce the pedal-stepping 
response. When the discrimination was 
reversed, Wyckoff found that the fre- 
quency of the pedal response would 
temporarily decrease. This also fits our 
interpretation, as each color would then 
go through a stage of evoking both 
tendencies, and seeing the colored key 
would thus increase rather than reduce 
conflict. Wyckoff himself offers an al- 
ternative explanation in terms of sec- 
ondary reinforcement, but this leads into 
difficulties, as Prokasy points out in his 
report of a somewhat similar experi- 


ment (39). 
Yet anothe: 


one by Fonberg (19). 
to perform a certain response (Ri) as 


a way of terminating stimuli that had 
been associated with puffs of air or 
electric shocks. The animals then re- 
ceived training in quite a different re- 
sponse (Ra), which was followed by 
food reinforcement jn the presence of a 
d tone but not in the presence of a 


r relevant experiment is 
She trained dogs 


Jou: 
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faint tone. When they were later sub- 
jected to a Shenger-Krestovnikova type 
of conflict by exposure to tones inter- 
mediate in intensity between the posi- 
tive and negative alimentary condi- 
tioned stimuli, they reverted to their 
defensive response (Ri). This finding 
indicates that the physiological state 
produced by a conflict, even when nox- 
ious stimuli have played no part in it, 
may be sufficiently similar to the physio- 
logical state (fear or anxiety) resulting 
from a noxious stimulus for generaliza- 
tion between the two to occur. 

4. Curiosity. There is currently a 
good deal of interest in certain sorts of 
behavior whose main function seems to 
be the provision of information, and in- 
formation theory might reasonably be 
expected to throw some light on them. 
The behavior under discussion includes 
the “exploratory” activities that bring 
about opportunities to perceive objects 
more readily; the verbal activities, in- 
cluding asking questions, that elicit in- 
formative verbal behavior from other 
individuals; and the symbolic activities 
that allow thought processes to feed on 
information other than that supplied by 
the immediate environment. 

“Novelty” has often been mentioned 
as a distinguishing mark of situations 
that provoke such activities (2, 6). But 
something can either be relatively novel, 
in the sense that it has never been en- 
countered before in its present context, 
or absolutely novel, in the sense that it 
has never been encountered at all. In 
both cases, we have situations in which 
“amount of information” is high, since 
this measure is inversely related to the 
probability of an event, and the prob- 
ability of particular novel occurrence 
must be low in the light of an indi- 
vidual’s past experience. We can also 
speak of conflict in connection with the 
same occurrences. A relatively novel 
stimulus pattern is one in which per- 
ception conflicts with the expectations 
aroused by the context. Moreover, at 
least as far as human beings are con- 
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cerned, any absolutely novel object is 
bound to consist of an unfamiliar com- 
bination of familiar elements or to pos- 
sess characteristics intermediate between 
those of several well-known objects. 
Such an object can be expected to in- 
duce conflict, since it will inevitably 
evoke, by generalization, responses ap- 
propriate to a number of discrepant 
familiar objects. 

Other words that seem apposite to 
situations that call for investigatory be- 
havior are “doubt,” “perplexity,” and 
“ambiguity.” These words likewise im- 
ply some degree of behavioral conflict; 
they indicate that different aspects of a 
situation evoke discordant reactions OY 
else that a particular reaction is called 
forth by one aspect and inhibited by 
another. They are opposite in mean- 
ing to words like “clear” and “distinct, 
which generally imply that certain re- 
sponse tendencies have come, through 
discriminatory learning, to predominate 
over their competitors. “Doubtful, 
“perplexing,” or “ambiguous” stimulus 
situations are usually also cases of high 
“uncertainty” in the information-theory 
sense, both because the subject cannot 
predict very successfully what the fu- 
ture behavior or the hidden properties 
of the entities will be, and because 
observers will not be able to predict 
very successfully how he will react tO 
them. Nevertheless, curiosity is by 2° 
means always commensurate with “un- 
certainty”; there are many events whose 
outcomes are uncertain and yet whi 
leave us completely indifferent. For 
knowledge of the outcome to be reward- 
ing, the event must be of some “inter 
est” to us, which usually means that 
strong habits or drives must be aroused- 
In other words, curiosity seems to be # 
matter of conflict rather than of “u 
certainty” alone; “uncertainty” may be 
high, but there will not be much conflict 
if the absolute response strengths ae 
low. That human beings, like Wyckoff’s 
pigeons, find relief from doubt about 
vital matters rewarding, even when tbe 
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truth is unpleasant, is attested by com- 
mon experience. Of the convicts studied 
by Farber (18), those who did not know 
how much time they would have to 
serve suffered more than those who 
were certain that they would never be 
paroled. 

The writer suggested a few years ago 
(4) that at least some forms of human 
Curiosity spring from the drive-produc- 
ing properties of conflict. The conflicts 
that seem especially pertinent are those 
between implicit, most often symbolic, 
responses, such as “beliefs,” “ways of 
thinking,” and “ways of perceiving,” 
whose incompatibility is largely an ef- 
fect of learning. There are experimen- 
tal data supporting the conclusion that 
curiosity, measured in various ways, is 
an increasing function of C (5, 8, 9). 

5. Stimulus complexity. Among the 
various properties by which stimulus 
Patterns can be classified, there is a 
group that can only be described collec- 
tively by some such term as “com- 
plexity.” They are hard to define rig- 
orously, and a number of quite distinct 
dimensions will, in all likelihood, be un- 
traveled by attempts to do so. But the 
Influence of this aspect of perceived ma- 
terial is revealed in several contexts: 
the special properties attributed to less 
Complex (more “prignant”) figures by 
the Gestalt school, the bearing of de- 
gree of complexity on aesthetic prefer- 
ences, and, more recently, the influence 
Of stimulus complexity on exploratory 
behavior on animals (see 10). 

Attneave (1) has related the “com- 
Plexity” dimension in visual figures to 
information theory throug 
of “redundancy,” the inverse of “rela- 
tive uncertainty.” His treatment sug” 
ests a possible link between these vari- 
ables and conflict. More complex’ 
stimulus patterns might well be those 
arousing more conflict, €.8- beinan 
perception of one part and expectations 
or redintegrative perceptual responses 
(3, 24, 37) aroused by other parts, be- 
tween verbal or other classificatory Te- 


h the concept, 


sponses, or between ocular and other 
orienting movements. If this hypothe- 
sis is well founded, we should expect 
more “complex” (or less “redundant”) 
figures, like figures arousing conflict in 
other ways, to elicit more investigatory 
behavior. Experimental data confirm- 
ing this prediction are available (8, 9). 

6. Reward. While the punishing or 
drive-producing role of conflict is more 
evident and has received more atten- 
tion, the possibility that conflict and 
uncertainty may at times be rewarding 
is suggested by gambling and aesthetic 
behavior. Similarly, journalistic prac- 
tice seems to indicate a positive relation 
between the reward value of a piece of 
news and the “amount of information” 
it contains, which depends on its im- 
probability or surprisingness (40). Sur- 
prise, like novelty, seems to mean some 
sort of clash between the reactions 
occasioned by an unexpected situation 
and those evoked anticipatorily through 
previously established habits (3). Sur- 
prising statements are, at least in cer- 
tain circumstances, recalled more readily 
than others (5), and maze-learning ex- 
periments (see 10) show that exposure 
to a more complex environment (which, 
as we have seen, may mean a more con- 
flictful environment) can be more rein- 
forcing than exposure to a simpler one. 

If conflict is usually an aversive Con- 
dition but occasionally functions as a 
reward, it resembles fear, which likewise 
s to be actively sought at times, 
e.g., at fairgrounds and in dangerous 
sports. The analogy with fear suggests 
two hypotheses to account for the para- 
dox. One is that drive arousal may be 
rewarding at a moderate level. Hebb 
refers to “the positive attraction of risk 
taking, or mild fear, and of problem solv- 
ing, or mild frustration,” and speculates 
that “when arousal or drive is at a low 
level, . - - & response that produces in- 
creased stimulation and greater arousal 
will tend to be repeated” (25, p. 250). 
McClelland et al. (33) propound a 
rather similar hypothesis, whose bear- 
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ing on conflict is a little more conspicu- 
ous: “positive affect is the result of 
smaller discrepancies of a sensory or 
perceptual event from the adaptation of 
the organism; negative affect is the 
result of larger discrepancies.” There 
have been a number of recent studies 
(e.g., Marx et al. [32]) showing that 
an increase in illumination up to a cer- 
tain intensity will reinforce a bar-press- 
ing response in a rat, while light of 
much greater intensity is known to be 
aversive. 

The second hypothesis is that such 
states as fear or conflict are sought only 
when their arousal in similar circum- 
stances has reliably and speedily been 
followed by drive reduction in the past. 

Two recent works by empirically 
minded aestheticians provide some cor- 
roboration for these hypotheses. Graves 
(22) contends that the appeal of a 
visual design depends on variety, but 
that one part or quality must be made 
to dominate the others if the effect is to 
be satisfying. This would keep within 
bounds any conflict aroused. In accord 
with the second hypothesis, Meyer (34) 
shows that music owes much of its savor 
to continual departures from what pre- 
ceding or accompanying patterns lead 
the listener to expect. But what is ini- 
tially heard as an incongruity is in- 
vested with a new meaning by what 
follows, so that the momentary conflict 
is promptly resolved. 


SUMMARY 


The use of information-theory meas- 
ures is possible whenever there is a par- 
tition and a probability distribution. 
The stimuli and responses of behavior 
theory fulfill these conditions, but the 
situations in which information-theory 
language has proved useful to psychol- 
ogy have been ones in which conflict is 
an important factor. The “uncertainty 3 
function satisfies some of the require- 
ments that may reasonably be laid down 
for a measure of “degree of conflict.” 
But it does not satisfy them all with- 


out some modification, because it de- 
pends on the relative but not the abso- 
lute strengths of competing response 
tendencies. 

A discussion of six psychological vari- 
ables that appear to depend on degree 
of conflict reveals several further links 
with information theory. The variables 
are emotional disturbance, reaction time, 
drive, curiosity, stimulus complexity, 
and reward. 
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NEURAL MECHANISMS IN PERCEPTION * 


JEROME S. BRUNER 


Harvard University 


I have been asked to offer a paper on 
perception, one that may be of some 
relevance to the manner in which the 
brain mediates perceptual processes. I 
admit to no special expertness in the 
neurophysiology of perception, although 
I have followed the growing literature 
with an increasing interest and a sense 
of excitement. There was a time, let 
me confess, when as a student of per- 
ception and thinking I operated on the 
working assumption that as far as I was 
concerned the nervous system was made 
of green cheese. This form of intellect- 
ual cheek, this know-nothing attitude, 
gives me little comfort nowadays. Yet 
many of my colleagues assure me that 
nothing we can find out about the nerv- 
ous system can in any sense “explain” 
what we know about the subtle mixture 
of sensory, mnemonic, and inferential 
activity that we call perception, for, as 
they say, psychological theory does not 
reduce to neurophysiology any more 
than neurophysiology reduces to elec- 
tromagnetic theory. I believe both of 
these assertions to be true. Yet, I have 
a lingering doubt. Indeed, I can even 
illustrate my doubt. 

Some years ago I came to the conclu- 
sion, to simplify the matter grossly, that 
perceptual selectivity seemed to operate 
like a gating process that had the char- 
acteristic of raising the identification 
threshold for certain classes of stimuli 
and lowering them for others; and I sug- 
ested that rather than viewing such 
threshold differences as due to speed of 


1 Presented at the 1957 meeting of the As- 
sociation for Research in Nervous and Mental 
Disease. I am particularly indebted to Dr. 
Karl Pribram and Professor Walter Rosenblith 
for their helpful advice and criticism. 


associational processes set up by dif- 
ferent inputs, inputs might be conceived 
as being differentially gated out before 
ever reaching a stage of association. My 
argument was based on considerations 
of economy of functioning—that very 
likely perception had as one of its func- 
tions the task of screening out irrelevant 
stimuli and letting through relevant 
ones, an important consideration for liv- 
ing organisms who have a perilously nar- 
row attention or immediate memory 
span. Implicitly, I was resisting a classi- 
cal bit of neurophysiology as well: the 
doctrine about projection areas being 
linked up directly with association areas 
that enriched or “gave meaning” to sen- 
sory inputs. So I obviously was not 
completely independent of neurophysio- 
logical issues even at that time. During 
the past year, moreover, I have had oc- 
casion to read papers by Hernandez- 
Péon and associates (28) and by Ga- 
lambos and associates (20)—both in- 
dicating that neurophysiologically, t00, 
there seems to be evidence that screen- 
ing or gating of inputs takes place as 
far peripherally in the auditory syste™ 
as the cochlear nucleus. A cat, dis- 
tracted by a mouse introduced into its 
visual field, ceased to show norma 
evoked potentials from this nucleus, fat 
out though it was in the system. I was 
quite overjoyed—and in a manner not 
fit for somebody who claimed to be- 
lieve that psychological theory must Þe 
self-sufficient—that it must not look for 
explanations in the black box of the 
nervous system. 

Donald Hebb (24) provides me with 
an explanation of my unseemly joy. I” 
a delightful paper in which he directs his 
shafts against the more unthinking tyP® 
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of antiphysiological bias in psychologi- 
cal theory he remarks, “The idea ‘in 
rejecting physiology was to use only 
purely behavioral’ conceptions, but some 
of these were actually of physiological 
origin and continue to exert a physio- 
logical influence on psychology” (24, p. 
40). Or, as he says in a paper some 
years later, “. . . the psychologist who 
avoids physiological conceptions merely 
succeeds in avoiding modern ones, and 
is likely to have his thinking dominated 
by older ideas, vintage of 1890” (25, p. 
404). And in fact, this has been the 
grave difficulty with physiological no- 
tions in psychology: their half life is too 
long, so long that their origins are for- 
gotten and they become psychological 
gospel. My malaise with the associa- 
tional theory of selective perception was 
a dissatisfaction with old neurophysi- 
ology masquerading as psychological 
theory. This is not to say that I wish 
to offer psychological theory to the con- 
temporary neurophysiologists, but to find 
o rather, what kinds of parallels and 
eee might exist between what 1e 
elieve to be the case in perception 
and what is gradually emerging concern- 
ing neurophysiologicalsmechanisms that 
might mediate such processes. I might 
even hope that the way we as psycholo- 
gists talk about perception might sug- 
gest some neurophysiological ideas to 
Neurophysiologists! 


THREE FUNDAMENTAL PROBLEMS 


There are three broad questions that 
one may ask about the perceptual proc- 
ess and these comprise, I thi 
the diverse activities that research work- 
ers concern themselves with in the study 
of perception; they are questions which, 
I think, lead most directly to neuro- 
Physiological speculation and inquiry- 

The first of these is “How does per- 
ception represent the structure of the 
Physical environment that constitutes 
Stimulation?” Questions of this order 
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are familiar. How, to take an example 
from some work of Pfaffman (39), does 
salty taste get transmitted to the cortex 
in such a way that it can there be dis- 
tinguished from quinine or acid? Or 
how do organisms learn to represent the 
probability structure of the environ- 
ment, so that they may g0 swiftly and 
easily from a few cues like color, shape, 
and texture to the identification or in- 
ference of, say, an apple? There are 
far more complicated versions of this 
question, but these we can consider be- 
times. Indeed, if there is anything to 
be said for the James-Lange theory of 
emotion, one must include here the ques- 
tion of how afferent impulses from the 
autonomic system are represented per- 
ceptually. 

The second question is also simple— 
deceptively so, like the first one. “What 
accounts for the fact that perception 
may remain relatively constant while 
the physical stimuli operating at the 
receptor surface are varying drastically?” 
Here we are dealing with several seem- 
ingly different kinds of phenomena. The 
first is the phenomenon of constancy: the 
size, shape, color, and brightness con- 
stancies. In a field with distance cues 
available, an object moving away from 
the observer does not change in appar- 
ent size at anywhere near the rate re- 
quired by the inverse square law that 
governs the size of the retinal image. 
Or, with field-illumination cues present, 
two surfaces with the same albedo ap- 
pear of about the same brightness, even 


though one be in shadow and the other 
in diffused sunlight and their total lumi- 


nous flux different by an order of mag- 
nitude. Moreover, for all save the very 
young child, objects maintain their iden- 
tity though they change appearance— 
seen from the front or the rear, disap- 
pearing pehind a screen and reappearing, 
going through various distortions. 

range of highly variable figures are per- 
ceived and discriminated as triangles so 
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long as they possess certain criterial 
properties and regardless of other vary- 
ing features, such as difference in size, 
texture, and so on. Indeed, the phe- 
nomena of linguistics are rife with ex- 
amples of such constancy in the face of 
perceptual variability. Wide ranges of 
speech sounds are rendered constant, if 
they comprise the range included in a 
phoneme, and it is characteristic that 
variations within a phoneme are not no- 
ticed. Given the phonemic structure of 
Japanese, the naive Japanese listener 
does not notice the difference between 
“rice” and “lice,” “lobster” and “rob- 
ster”—the latter word having actually 
appeared in a Japanese-English maga- 
zine in place of the former. 

The third question covers an equally 
wide range of problems. “What ac- 
counts for the fact that perception may 
vary while the stimulus input remains 
constant?” Here we deal with phe- 
nomena all the way from spontaneous 
alternation of such unstable three-di- 
mensional figures as the Necker cube to 
reorganization of the perceptual field 
under conditions of change of set. One 
moment we do not understand a sentence 
spoken to us and the next moment we 
do, though it has been repeated in identi- 
cal form. 


PERCEPTUAL REPRESENTATION 


When we say that perception repre- 
sents the physical world of stimuli with 
which an organism has sensory com- 
merce, we mean essentially that percep- 
tion is varyingly predictive. That is to 
say, to take a banal example, if one stick 
appears longer than another when some 
distance removed from each other, they 
will likely show the property that one 
will overlap the other when placed one 
next the other, or that one will actually 
“measure” longer than the other when 
the technological aid of a foot rule is 
employed. 

It was the objective of Weber (54), 
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then of Fechner (13), to state a gen- 
eral psychophysical law to describe the 
translation of stimulus magnitudes into 
subjective magnitudes. The most re- 
cent reformulation of this general law 
is Stevens’s: “. . . there is a general psy- 
chophysical law relating subjective mag- 
nitude to stimulus magnitude, . . . this 
law is simply that equal stimulus ratios 
produce equal subjective ratios” (46, p- 
153). We shall return to this matter 
shortly. 

Even when such simple prediction 
fails, the malprediction is more often 
than not systematic, and still contains 
the basis of a prediction. Add to the 
sticks the tails required to create the 
Müller-Lyer illusion and the simple foot- 
rule prediction breaks down; but the 
breakdown is systematic and, if the per- 
ceiver has the right transformation equa- 
tion with which to correct his prediction, 
he will still come out all right. This is 
not to say that perceptual experience is 
a unique isomorph of the physical at- 
tributes of the stimulating environment, 
for patently it is not. There is error of 
a random type also operating. Partly 
the error can be thought of as a result 
of the imperfect resolving power of 
the sensory receptors and their related 
neural tracts and centers. Partly, the 
error can be attributed to the presence 
of various forms of centrifugally gen- 
erated noise, or even, possibly, to thé 
operation of centrifugal control mecha- 
nisms of the type discussed by Granit 
(22). 

: There is another form of representa 
tion which, on the face of it at leasts 
seems of a different order. It has tO 
do with the representation of objects 
in the environment, and such represe”- 
tation must obviously be learned. 

consists, to use the phrase of the bril- 
liant, and tragically dead, young Cam- 
bridge psychologist-physiologist, Ke? 
neth Craik, in a process of model build- 
ing, the construction of neural models 
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or “templates” to represent the redund- 
ant structures of the environment. No- 
where is the importance for perception 
of such representing models more evident 
than in the study of perception under 
tachistoscopic presentation. Given a 
brief flash of a complex object, say a 
picture of a human figure at 10 milli- 
seconds in good illumination, a subject 
picks up a few defining cues, infers the 
rest, and with little difficulty and con- 
siderable confidence announces that he 
has seen a man, a generic man, to, be 
sure, but a man nonetheless. If what 
has been presented in the tachistoscope 
reflects the high-probability redundan- 
cies of the environment, our subject will 
be right. If, however, we make up the 
stimulus picture with the head of a 
giraffe, the arms of a gibbon, the trunk 
of a bear, etc., then our subject will 
be, for practical purposes, the victim of 
his redundancy-matching models. We 
know from the brilliant observational 
studies of Piaget, particularly from his 
Construction of Reality in the Child 
(40), and from the somewhat ambiguous 
accounts of von Senden (44), the diffi- 
culties encountered in perceptual iden- 
tification when there has been no in- 
tervening opportunity for an organism 
to construct such representing models 
for environmental objects. 

Let me recount briefly some of the 
characteristics of perceptual representa- 
tions as these have come to be known 
over the last half-century of relatively 
uninterrupted research on this topic. 

1. The categorial nature of represen 
tation. What is most characteristic of 
Perceptual representation is that itas 
categorial in nature, better described in 
the language of set theory and Boolean 
algebra than any other. An input 1S 
allocated to a class of objects and 
achieves its identity thereby- We see tri- 
angles, lines, apples, people- Ordering 
by subjective magnitude can be shown 
to be subservient to this first primitive, 


se conceptual placement. “Big” or 
small” as a subjective judgment de- 
pends upon the summary midpoint of 
the class in which the object has been 
placed, and it is still something of a 
moot point how the nervous system esti- 
mates the first moment of magnitude 
or quality of the distribution of objects 
that are arrayed in a class. It is further 
the case that the process of achieving 
placement of an input is often an itera- 
tive estimation procedure.? You are try- 
ing to guess the square root of a num- 
ber, say 4. Guess any number less than 
4. Divide 4 by this number. If the 
quotient is bigger than the number you 
divided by, the guess is too small, and 
vice versa. So now take the mean of the 
guess and the quotient. Use this as 
your next guess. In a few turns, you 
will will be very close indeed to the 
So it seems to go, in a 
with categorization of in- 
puts. There is a first guess—deter- 
mined by the expectancy of the organ- 
ism. It is tried out and found to “fit” 
only approximately. The result of the 
attempted placement is then somehow 
averaged with the original guess, and on 
it goes. This is a gross oversimplifica- 
tion, but it will serve us for now. What 
it fails to describe is the frequent dis- 
continuity of the process of placing, but 
we will come to that when we speak of 
the variability of perception in the face 
of a constant stimulus. 

ore likely, Mar- 


The iterative or, ™ 
kovian nature of successive approxi- 


mation in perceptual identification also 
makes more understandable both the 
systematic nature of errors in identifica- 


square root. 
general way, 


27 am grateful to Professor R. C. Oldfield 
of Oxford for bringing this possibility to my 
attention. The analogy and disanalogy be- 
tween iterative procedure in mathematical 
n and in cognitive operations is de- 
is “Some Principles of Convergence 

king,” presented to a Symposium on 
Thinking held at St. John’s College, Cambridge, 


during the summer of 1955. 
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tion observed in tachistoscopic percep- 
tion and the abrupt manner in which a 
long series of increasing errors some- 
times gets corrected. If, for example, 
a subject is presented successively at 
rapid exposure with a stimulus array 
containing an incongruous element—say, 
a picture of a discus thrower, wound for 
the throw but holding a bass viol in his 
free hand—there will be a series of 
iteration-like atempts to deal with the 
incongruity soon after the perceiver is 
able to report that he perceives an ath- 
lete in action. It is a “shadow across 
the front of the athlete” or “a track offi- 
cial kneeling” or a “sprinter going past 
on the track,” and these hypotheses be- 
come elaborated on successive exposures: 
inhomogeneities are seen as the track 
official’s hat or as a sweat suit on the 
passing sprinter. Finally, the elabora- 
tion reaches a point where its lack of fit 
become obvious and there is a notable 
disorganization of perception, until a 
new series of approximations begins (cf. 
Bruner and Postman, 7). 

Perceptual identification or placement, 
then, can be likened to the determination 
of the fit between a model and some 
sample that is being matched to it. We 
know precious little about the nature of 
the models that are constructed neurally 
to represent the attributive and proba- 
bilistic structure of the individual’s en- 
vironment, although various models have 
been proposed, depending in the main 
upon the development of reverberatory 
circuits and synaptic boutons, as in 
Hebb’s conception of cell assemblies and 
phase sequences (23), or upon redupli- 
cation patterns propagated across the 
entire cortex, as in Lashley’s ingenious 
conception of memory traces, concern- 
ing the failure of whose location he 
writes so provocatively (32). But it 
is not about these structures that I wish 
to speculate, for there has been enough 
speculation on this subject in ratio to 
the meager findings available. Rather, 


it is with the process of matching or 
placing of inputs that I wish to concern 
myself briefly. 

We know that rhythmic activity from 
the surface of the brain is related to at- 
tention, and that alpha rhythm is dis- 
rupted and replaced by more aperiodic 
rhythms when attention is directed to 
a stimulus. Let me put this finding to- 
gether with two others. The first re- 
lates to the rhythm recorded from the 
olfactory bulb of the rabbit by Adrian 
(2), a rhythm of high frequency of 80- 
100 per second that continues so long as 
the animal is breathing regularly. If an 
odorous substance be introduced or the 
animal begins to sniff, “the rhythm dis- 
appears or gives place to the slower 
rhythm which occurs at each aspiration 
and is due to the olfactory discharge. 
Within a short time, 20 seconds or less, 
the rapid rhythm returns although the 
olfactory stimulation continues . . . but 
a change in the stimulus may suppress 
it again.” Adrian then goes on to say, 


The organization of the olfactory pathways 
may be quite different from those for other 
forms of sensation, but it is natural to ask 
whether the rhythms found in the cerebral 
cortex may not operate in the same way, 
whether their function or part of it is not 
to block the passage of further afferent dis- 
charges when the information has served its 
purpose. The reticular formation might well 
be the decisive factor in the direction of at- 
tention, i.e., in the suppression of the rhythm 
in one region, for the signal arriving by the 
direct route to the cortex reinforced by one 
from the [reticular] formation might disrupt 
the rhythm and gain a clear path, whereas 4 
signal not so reinforced would be unable tO 
break the barrier (2, p. 243). 


It should be noted immediately, how- 
ever, that too much arousal reaction may 
have the effect of interfering with the 
signal arriving at the cortex. Psycho- 
physical experiments show, on the whole, 
that too alert an observer pays a price 
in a raising of sensory thresholds, a” 
that a certain amount of relaxation in 
the observer yields the lowest thresholds. 
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Yet, this special point aside, Adrian’s 
observation fits well with what we know 
of the operation of attention. 

A recent paper by Sharpless and 
Jasper (45) provides parallel and more 
elaborated evidence on the role of 
arousal reactions—evidence on the ha- 
bituation of such reactions. These writ- 
ers point out that it has been known 
for twenty years that with direct re- 
cording from the cortex of unanes- 
thetized animals one may observe ha- 
bituation to such ordinarily attention- 
compelling stimuli as sharp whistles and 
claps. The authors set themselves the 
task of analyzing the locus and the spec- 
ificity of such habituation effects, re- 
cording from the cortex and from sub- 
cortical areas in cats with chronically 
implanted electrodes. Stimuli were re- 
peatedly presented to normal sleeping 
cats whose electrocorticograms showed 
a clear sleep pattern. With habituation 
to a given stimulus, the duration of ac- 
tivation declined and its latency in- 
creased strikingly, sometimes showing a 
20-second period between stimulation 
and activation onset. Eventually, com- 
plete habituation would occur. These 
Patterns and the habituation effects were 
recorded from the cortex as well as from 
the mesial thalamus, the posterior hy- 
pothalamus, and the midbrain reticular 
formation. With respect to the spec- 
ificity of habituation, 4 critical point 
I our discussion, 

If either the intensity or duration of a stimu- 


it became capable 


habituated was increased, p k 
More interesting, 


of arousing the animal. $ 
however, ae the specificity of the habitua- 
tion process to the quality of the repeated 
stimulus. Thus, if the animal had becom? 
completely habituated to & repeated tone, it 
could still be aroused by a light touch, ^ 
change in illumination, or by 4 tone 
ferent frequency (45, P- 662). 


While the authors report 
ization of habituation to t 
Somewhat in frequency, they 


some general- 
ones differing 
remark that 


it is variable. They note also that “ha- 
bituation was occasionally specific not 
only to the pitch of a sound, but also to 
the arrangement of tonal elements within 
the sound—its pattern.” If a cat had 
been completely habituated to a tone 
falling in pitch from 5,000 to 200 c.p.s. 
in 4 sec., presentation of the stimulus 
pattern in reverse—tising from 200 to 
5,000 in the same time—would produce 
activation. Destruction of the auditory 
cortex did not alter the pattern of ha- 
bituation observed in intact animals nor 
its specificity—save for habituation to 
pattern, which was not found in such 
operated cats. Subcortical lesions, how- 
ever, seriously disrupted specificity of 
habituation to tonal pitch, notably sub- 
cortical lesions that prevented direct pas- 
sage of signals to the cortex but left in- 
tact the collateral pathways to the re- 
ticular system through which auditory 
signals could get to the hemispheres. 

In sum, then, the evidence of Sharp- 
less and Jasper seems to indicate that the 
arousal pattern that may subserve the 
selectivity of attention is capable of con- 
siderable selectivity of habituation to 
environmental stimulation. If habitua- 
tion has this degree of specificity, it 
seems not unlikely that the obverse proc- 
tion built up through 
te by a parallel sub- 
electively reinforc- 
“non-habitual” stimuli but 


spec 
Such reinforcemen 
the stimulus input to reach a level of ac- 


tivation where 4 «ft? can be made be- 


difficult technically—at least 
Tf it can be shown that 


set in arousal impulses 
m that occurs 


while 
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nution following the identification of the 
stimulating object, then it would seem 
more plausible still that “effort after 
meaning,” to use Bartlett’s phrase, is de- 
pendent for its fruition upon reinforc- 
ing stimulation from the reticular system 
—either to clear the track for it, or to 
make possible the process of matching. 
2. The summary nature of perception. 
The act of perceiving almost always is 
accompanied by a loss of information. 
That is to say, if we think of the per- 
ceptual process as an input-output sys- 
tem, we find that no matter how we 
measure the nature of the input—either 
by physical measurement or by a con- 
sensus of observers—the limited atten- 
tion span of the human organism (and 
presumably lower organisms as well) im- 
poses loss in the transmission of in- 
formation, even asuming that internally 
generated noise could be eliminated. 
This seems to me to be intuitively obvi- 
ous, though it ends one in much com- 
plication trying to measure the nature 
or extent of the loss. The only known 
way of combatting loss in transmission 
is by a process of what Miller (37) has 
recently described as “recoding of in- 
put.” If it is the case, and the evidence 
speaks rather overwhelmingly for it, that 
atention or immediate memory span is 
for about seven units plus or minus two, 
the recoding process consists of regroup- 
ing the input such that each of the 
seven places, so to speak, is filled with 
more valuable coin. A good example is 
the phenomenon of segmentation in lan- 
guage perception—perception either of 
speech or of written language. Pre- 
sented with an array of letters, we do not 
try to take in the individual letters, but 
to recognize words. While we have a 
span of from eight to ten random let- 
ters, the span for letters when grouped 
into words is much greater. So too 
with the speech flow and its segmenta- 
tion into words on the basis of phonemes. 
But no recoding is so perfect that it 
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makes it possible to scan a great slice 
of the universe and recode it without 
information loss, for most of the forms 
of recoding we employ fall considerably 
short of such comprehensiveness, so that 
wherever we turn there is information 
loss. 

Now may I quote a debate reproduced 
in the volume Brain Mechanisms and 
Consciousness, the symposium on the re- 
ticular system held in 1953, a debate 
between Bremer and Fessard. Bremer 
is criticizing the idea that integration of 
perception occurs at a locus; the par- 
ticular locus he is decrying is the reticu- 
lar formation. “I would certainly not 
have chosen the reticular formation for 
that location on account of the fact 
that information is lost there by reason 
of neuronic convergence and occlusion. 
Conscious integration excludes dilution 
and loss of information” (5, p. 245). 
Fessard defends his conception of locus, 
and particularly the locus of the reticu- 
lar formation, in part in these words, 
with which I thoroughly agree without 
taking sides on either the notion of 2 
specific locus or the role of the reticular 
system: 

Dr. Bremer has judiciously pointed to its main 
difficulty, that is, to the loss of information 
that would result from the simultaneous ar- 
rival of impulses from different origins upon 
the same neurone, as we now know that this 
happens in the reticular formation. I admit 
that this difficulty is not easily disposed of, 
but I do not agree with Dr. Bremer when he 
says that integration cannot go with loss of 
information: psychologists would certainly sup- 
Port the idea that integration is only obtained 
at the cost of big losses of detail, as when 4 
perceptive Gestalt is apprehended as a whole; 
ya aoe being totally ignored (14, P- 

I should like to propose, as an by- 
pothesis, that both Bremer and Fessav 
are correct—the former in denying locus 
to integration, the latter in assuming 
that loss through convergence and occlu- 
sion is a feature of afferent transmis- 
sion, Just as loss of information is a fea- 
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ture of perceiving generally. Two lines 
of argument and evidence-seem to rec- 
ommend themselves here. The first is 
Lashley’s argument about summation in 
the afferent system; the second is the 
point of view put forward by Rosen- 
blith (42) in discussing the bioelectric 
fate of a click from the round window 
to the auditory receiving area. 

Lashley, as you know, finds the sum- 
mative characteristic of neural activity 
a necessary parallel to the nature of 
conscious experience itself. 


A point of fundamental importance for a 
theory of the neural basis of perception is that 
there is never awareness of the integrative ac- 
tivity of the brain while it is in progress. 
The perceived items are always the product 
of preceding and complex integrative proc- 
esses, Visual distance is a good illustration of 
this. Things are seen as near or far, yet this 
distance is actually determined by a number of 
variables, binocular parallax, estimates of rela- 
tive size, texture, etc. which are not separately 
perceived but are only revealed by experi- 
mental isolation. . . . So in every case, that of 
which we are aware is an organized struc- 
ture; the organizing is never experienced (33, 
P. 424). 


Lashley then goes on to consider neu- 
ral summation. 


Consideration of the role of summation in 


neural activity reveals a similar characteristic. 
Even at spinal levels summation of excitations 
is essential for reaction. Summation com- 
bines a multiplicity of excitations into a single 
effective unit which the resultant reaction can- 
not analyze into separate elements. So also 
we must conceive of higher level integration 
as a sequence of excitations, individually in- 
capable of exciting further activity, but con- 
tinually summating to arouse the succeeding 


neural patterns (33, P- 424). 


It is perfectly appar 

such a model of summation—and I shall 
assume that it inevitably involves stages 
of convergence and occlusion—it is not 
necessary to suppose that integration has 
a particular locus. It is the entire range 
of summative activity, from the brain 
stem and lower on up to the cortex, that 
enters into integrative action. 


ent that given 


make bold to propose that an under- 
standing of the nature of this summa- 
tive activity is what will provide the 
key to an adequate understanding of 
how it is that perception loses informa- 
tion both systematically and randomly, 
and thereby manages to achieve inte- 
gration and summary representation. 
Let me turn briefly to one proposal 
concerning the nature of summative ac- 
tivity, to a model inherent in Rosen- 
blith’s conception of click transmission 


in the auditory system. 


We are inclined to interpret the electrical re- 
sponses that our wire electrodes record as 


summated activity from a sample of a popu- 
t a given station of 


the auditory nervous system. The number of 


neural elements that 


depends upon the in 
that is used. As has been shown 


be interpreted as an estimate 0: 
of response of tl 
vestigation (42, P- 5). 


Rosenblith is concerned in this passage 
principally with the problem of ampli- 
tude of response, and it may well be that 
the statistical operation of the auditory 
and other systems works by 4 simple 
system of unbiased sampling-summation 
where amplitude is concerned. But there 
is also good evidence that higher-level 
units respond to biases in the sample of 
lower-level units that summate to acti- 
vate them. The best evidence of this is 
provided by close analysis of the sys- 
tematic patterns of discharge ian ori 
at lower levels in response to own 

ies of stimulation. Again 
Consider the 
ones in this system, as 
ot d with microelectrodes by Galam- 

Davis (18, 19). As Davis sum- 


is “ d” to a 

-order neuron 15 “tune i 

PE E SE, ess acoustic energy is 
d at this frequency than at any other 
ulses. Near threshold, the tun- 


348 


ing is very sharp, but the neuron responds to 
a broader and broader band of frequencies as 
the intensity is increased. . . . Even for fairly 
strong tones the tuning of each neuron to a 
particular frequency is still apparent (9, pp. 
1128-1129). 


This is the situation at the second- 
order neurones, after transmission across 
a single synapse. Unfortunately, the 
data available on the pattern of firing 
in the spiraling single neurones of the 
short eighth nerve (47) do not provide 
a simple picture of how firing patterns 
in the first neurone signal across the 
synapse to the second neurones of the 
auditory system, nor do they indicate 
whether there is a summation pattern 
operative there. When we tune the or- 
ganism to listen to pitch or to loudness 
or to density of a tone, or to some par- 
ticular pitch or loudness or density, it 
may well be that the nature of the sum- 
mation required for firing a higher-order 
unit changes as far down the pathway 
as the first synapse, and that the re- 
sultant final message to the auditory re- 
ceiving area reflects these changes in na- 
ture of summation. We must beware of 
being too impressed by the elegant and 
relatively invariant cortical mapping of 
auditory frequencies found for the anes- 
thetized dog’s brain by Tunturi (50, 51). 
Anesthesia plays funny tricks and, as 
Békésy (4) has suggested, “for every 
level of anesthesia we will probably have 
a hearing theory.” 

What I would like to suggest—and I 
have no neurophysiological warrant for 
doing so but only a hunch based on psy- 
chological observation—is that the form 
of biased sampling of lower-order units 
that determines the summated activation 
of higher-order units is very likely con- 
trolled by centrifugal control mecha- 
nisms that serve to program lower-order 
stations in the afferent system. These 
may be thought of as orders for types of 
summation that can effectively trip off 
higher order neurones on which lower 
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order neurones converge, and it may well 
be that such changes in nature of sum- 
mation account for the way in which the 
summary nature of perceiving changes as 
a function of change of set in the or- 
ganism. Adrian puts the matter meta- 
phorically: 


- in normal waking life the picture that is 
presented to consciousness has many details 
left out. First one element of the pattern 
claims our attention, then another. At some 
stage the complete report from the sense or- 
gans must be subjected to an editing which 
emphasizes the important items and sets the 
unimportant aside. There is clearly some such 
editing at work in most of the sensory path- 
ways. .. . It might be expected wherever the 
signals pass through a shect of closely con- 
nected neurones (2, p. 239). 


„He then goes on to suggest two possi- 
bilities as to where this editing might 
occur: 


One is that the afferent signals from, e.g. the 
ear may be summarized on their way up the 
auditory pathway, but that the content of the 
message is allowed to reach the cortex what- 
ever may be going on in the other sensory 
pathways. This means that at any moment 
the cortex would have at its disposal the com- 
plete pattern of the environment provided by 
the sense organs, but that there is some con- 
trolling mechanism (of which the reticular for- 
mation may be a part) to decide that the 
auditory elements of the pattern should have 
priority and to make the auditory region of 
the cortex specially receptive and the other 
areas less receptive. The other possibility is 
that the controlling mechanism operates at an 
earlier stage and that we attend to the sound 
and are unaware of contacts and pressures be- 
cause the auditory signals are allowed to reach 
the cortex and the tactile signals are not (2, 
Pp. 239-240). 


Is it not conceivable that successive 
“synaptic editing” could occur, con- 
trolled by centrally induced program- 
ming of summation characteristics, an 
that there could also be the kind of 
“boosting” operation discussed earlier 
wherein a system like the reticular for- 
mation reinforces the edited pattern © 
stimulation that reaches the brain? 

To sum up, then, we have. proposed 
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that information loss in perception can 
be viewed as the resultant of successive 
summation at stations along the afferent 
pathways, that this summation is likely 
statistical in its characteristics, that the 
sampling of lower-order units that sum- 
mate to fire higher order units is biased 
by a gating or programming of way sta- 
tions along the pathway controlled by 
more central mechanisms, and that the 
resultant in perception is a biased sum- 
mary of the external stimulating envi- 
ronment. The biasing is reflected in the 
systematic errors of perception and in 
the forms of selectivity that make it pos- 
sible for perception to vary in the face 
of a constant pattern of external stimu- 
lation. 

3. The autogenic properties of repre- 
sentation. If it can be said that the rep- 
resentation of the external stimulus en- 
vironment is categorial and summary in 
nature, we must add to these properties 
that representations, once accomplished, 
appear to generate processes of their 
own. Here we must consider briefly 
some of the properties of the models that 
organisms construct to represent their 
environment and its objects. It was 
suggested some years ago by Craik (8) 
that neural models, once established— 
whether in the form of traces, schemata, 
cell assemblies, or whatever short-hand 
terms one uses—have the property of 
making imagery possible in the absence 
of stimulation. A recent work by Mandler 
(35) on the “learning of imagery” sug- 
gests that some such function is served 
by learned structures. His experimental 
procedure is very simple. The subject 
has the task of learning the correct pat- 
tern amongst a set of spatially arrayed 
levers on a board. The order of correct 
levers is determined at random. In a 
given number of trials, the subject mas- 
ters the correct order in which switches 
are to be thrown; he is able to perform 
at a criterion of 100% correct respone- 
ing. The trials are nOW continued an 


‘overlearning carried many trials be- 


yond the number needed for mastery of 
the task. After a certain amount of 
overlearning, subjects begin to report not 
only that they can choose the right path 
but that they have a spatial image of 
the order, a spatial image that they can 
keep in mind even when the lever board 
is not before them. It is tempting to 
speculate what this means. When neural 
integration has progressed to a certain 
level, the organization achieved appears 
to be able to generate mental content of 
its own. I do not pretend to understand 
what kinds of neural mechanisms are at 
work here, but I commend the problem 
to you as perhaps worth pursuit by the 
use of electroencephalographic methods. 
When learning has progressed to the 
stage of overlearning and imagery pro- 
duction, are there detectable changes in 
the pattern of EEG to be recorded? 
Methods for integrating and analyzing 
complex wave forms now widely in use 
in work on EEG might cast some first 
light on this problem that would permit 
more enlightened next steps. l 
There are other autogenic properties 
of what I prefer to call operative cogni- 
tive structures that are worth a few 
words of description on the chance that 
tact with work now 


going on in neurophysiology- The first 
of these is a normalizing tendency €x- 
erted by cognitive m : X 
cepts they generate when stimulus input 


occurs. Let me first giv 


in what I 
and then explain ae, ee 


s, usuall. called ass! 
i ate went model constructed to 
pre s in the envi- 


ears to be a set of 
alues characterizing 
the class. It 


ve been con- 
It is a re the 


Sass which, in judg 
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or weight, is best estimated by comput- 
ing a weighted geometric mean of in- 
stances previously encountered. Subjec- 
tive magnitudes greater than this amid: 
point are described as $ heavy gr 
“bright,” smaller as “light” or dark. 
With respect to more complex objects, 
say apples, there are a set of such speci- 
fications of a typical apple—a modal 
color, shape, size, texture, etc. In the 
event of masking noise or of ambiguity 
in the nature of a stimulus input, one 
finds normalization of the percept taking 
place by assimilation of aberrant or am- 
biguous attributes to the modal values 
of the category where the input has been 
coded. Or, in the case of inattention 
to particular attributes, modal values of 
the category will be substituted for what 
has not been noticed. Such normaliza- 
tion or completion is one of th 
pal sources of error in pe 
error in the sense of failure 
representation. An average is substi- 
tuted for a Specific value. The normal- 
izing process continues, moreover, in the 
Process of forgetting—forgetting being 
more often describable as Tegression 
away from specific characteristics of 
stimulus event in the direction of the 
modal characteristics of the category 


into which the stimulus event has been 
placed. 


I readily reco 


e princi- 
rception— 
of precise 


gnize that neurophysio- 
logical research has not proceeded far 


enough to have many sound conjectures 
about the kinds of structures that can 
produce the types of autogenic actiyi- 
ties just described. Yet it is well to 
bear such characteristics in mind in the 
process of setting forth hypotheses about 
the structures. Looking at the field from 
the outside, I have the impression that 
the neural mechanisms proposed, even in 
a half-playful spirit, tend to be built for 
the purpose of handling a single psy- 
chological phenomenon. There are too 
many plausible neural models of the one- 
phenomenon type. It is only when one 
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requires of them that they accomplish 
several forms of psychological resultant 


that the range of possibilities narrows 
realistically. 


PERCEPTUAL INVARIANCE AND 
VARIABLE STIMULATION 


Let me begin with Fletcher’s well- 
known study of speech perception (16), 
a striking example of what Lashley has 
for a long time called “the equivalence 
problem.” A sample of speech is pre- 
sented, treated in such a way that all 
frequencies below a certain cutoff are 
filtered out. Now the same speech sam- 
ple is presented again, this time all fre- 
quencies above the cutoff being filtered 
out. In both cases, the speech pattern 
is 100% intelligible to listeners, Fre- 
quency, we then say, is not a criterial 
attribute of speech; one band of fre- 
quencies will do as well as another. 
And so it will go with most forms of 
perceptual identification, given, as we 
have noted, its categorial nature. The 
task in any given study of perceptual 
equivalence is to determin 
methods wha 
tributes ar 
an object 
or; as being a certain 
Speaking, the deter- 
terial attributes of an 
is the same whether 


Borizing I would suggest 
r, G stin 
on categorizing and hi oodnow, and Au: 


king (6). 
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We can recognize a tune whether the pitch is 
high or low, and we can recognize a triangle 
or a letter, whatever its size or whatever the 
position of the image on the retina. Now 
this must mean that there is no need for par- 
ticular sensory endings or particular pathways 
to the cortex to be excited; for the recogni- 
tion of the pattern all that seems to matter is 
that the excited regions should have some gen- 
eral relations to one another. There must be 
something corresponding to the three angles of 
the triangle, but there is no need for each of 
them to be represented at a particular point in 
the receiving area of the cortex (1, pp. 81-82). 


There has been much bitter ink spilled 
on the question of equivalence, notably 
amongst psychologists who tend to take 
one of two basic positions. One of them, 
stemming I think from neurological theo- 
ries of a half-century ago, is that equiva- 
lence occurs by the formation of a gen- 
eralization gradient, a kind of irradiation 
from a particular stimulus value. The 
model is familiar from Pavlov’s work on 
generalization, and it is this model that 
has dominated much thinking in Ameri- 
can psychology. The organism learns to 
respond to a given value of a stimulus 
or to a given object plus a range around 
E Lashley (33) has been particularly 

Orthright in attacking this view, noting 
that the model probably holds only for 
ìnstances of pseudogeneralization where 
there is failure to discriminate the origi- 
nal stimulus from one presented later. 
There is much that is logically awkward 
about the simple generalization notion 
that various writers have tried to patch 
Up in one way or another—some quite 
Plausibly. It does not explain how cer- 
tain properties come to be the defining 
Properties of a class and others irrele- 
vant. To handle this, 2 reinforcement 
theory is invoked, and the defining prop- 
erties are said to be determined by the 
composite attributes that are always 
Present when reinforcement occurs, the 
Temainder averaging out in strength be- 
Cause of their random relation to rem- 
forcement, But, as Woodworth (55) 
has wisely noted, what can we take as 
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reinforcement in perception? In most 
theories it is taken to be something that 
reduces the need of an organism, related 
to attaining a goal. To extend this to 
the question of learning the properties 
of the class “triangle” is somewhat diffi- 
cult. In any case, since the controversy 
does not concern us directly, we can 
leave the matter with the statement that 
the neural model of a class assumed to 
be constructed in this way is a bit like 
a composite photograph in which the 
tried and true elements remain, and the 
others are blurred out. Such a model of 
integration, suitable though it may be 
for describing how it is that the three 
angles emerge as the diacritica of tri- 
angles while size and texture and rela- 
tive length of sides are blurred out, fails 
to deal with the esentially transform- 
able properties of groupings once they 
have been formed; nor does it show how 
it is that in one moment of insight one 
comes to group all plane figures as re- 
solvable into combinations of triangular 
forms and treats all plane figures as 
members of a new class of simple and 
composite triangles. 

It seems to me that the problem of 
equivalence, leaving aside now how the 
primitive equivalence category is formed, 
is essentially the problem of how an or- 
ganism processes a stimulus ensemble, 
what features of input it is respond- 
ing to. It is only with respect to this 


program for processing environmental 


stimulation that it is possible to talk 
about an adequate stimulus or a just 
noticeable difference in stimulation. Al- 
most invariably, as both Adrian (1) and 
Lashley (33) have suggested, stimulus in- 
formation is processed in terms of rela- 
tionships either in a spatial array or in 
a temporal array, and it seems highly 
likely that spatial relations are trans- 
lated into temporal ones in the nervous 
system—given the requirement of time 
for scanning a spatially extended field. 
What this suggests, then, is that the 
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equivalence of stimulus events is a func- 
tion of certain invariances in relation- 
ship in a temporally extended neural 


excitation; certain patterns of change in. 


excitation define equivalence. 

There is very suggestive evidence 
concerning the importance of temporal 
change as providing the pattern on 
which equivalence is based. A famous 
passage of Exner’s (12), where he com- 
pares the scanning movements of the 
copepod Copilia with the scanning move- 
ments of the eye, comes to mind, “Wir 
tasten mit unserem Blick des Seefeld ab,” 
and indeed it is this “fingering over” the 
visual field that suggests the importance 
of temporal integration. Thorpe (48), 
in his recent and most excellent book on 
animal behavior, gives various examples 
of the importance of temporally ex- 
tended scanning of a stimulus array in 
animal discrimination. Dethier (10), 
for example, has shown that the cater- 
pillars of Lepidoptera can respond to 
form and form equivalence in spite of 
the optically inadequate stemmata placed 
on either side of the head, optically in- 
sufficient in resolving power for repre- 
sentation of form. Yet form can be 
perceived by these organisms provided it 
is possible for them to move their heads 
around in relation to the object to be 
discriminated, by the familiar waving or 
“inching” movements of the anterior 
part of the body of these caterpillars, 
Some sort of scanning Process, extended 
over time, results in a temporal summa- 
tion and/or integration that makes form 
discrimination possible. So, too, in the 
work of Ullyott (52) on klinokinesis 
and klinotaxis in the flatworm Dendro- 
coelum. Again, a primitive optic ap- 
paratus is involved, supported either by 
the animal’s locomoting by a convoluted 
path with a relatively constant rate of 
change in direction (klinokinesis), or by 
proceeding in a relatively straight line 
with rather constant waving of the an- 
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terior section of the body where the 
sense receptor is found (klinotaxis). 
Given the nature of adaptation of 
sense organs, it is not unlikely that 
equivalence coding almost requires the 
use of patterns of change in excitation 
over time. Not only do we have the 
facts of adaptation with respect to in- 
tensity of stimulation in vision, somes- 
thesis, etc., but there is now accumulat- 
ing evidence from the work of Riggs 
(41) and of Ditchburn (11) that if 
change of pattern on a sensory surface 
does not occur at a quite rapid rate, 
perception of form and detail adapts out. 
Ditchburn, using an ingenious mirror at- 
tachment on the cornea, casts a simple 


form image on to it, collects the image,. 


and directs the beam back into the eye. 
The arrangement keeps the cast image 
at a constant point on the retina, rest- 
ing on this point in spite of eye tremor. 
Within six seconds, the simple image, 
a fine-lined reticule, disappears. The 
moment one jars the apparatus, eyen 
slightly, the image changes position 
however slightly on the retina and re- 
appears. These results leave little ques- 
tion that change over time is needed 


- even for the maintenance of a simple 


image. , 

I should like to suggest that equiva- 
lence of an array of stimuli is essentially 
a centrally determined program concern- 
ing the acceptance limits of temporally 
extended change patterns. Where and 
how these patterns are acted upon and 
coded for equivalence, I have no clue- 
Adrian and Moruzzi (3) show sugges- 
tive evidence that the electrical pattern 
in the somatic cortex is much alike when 
the same place on the foot is touched, 
so that it is possible that the cortex has 
enough information to do all the job of 
coding for equivalence in terms of some 
program of temporal integration. x 

Let me say, finally, in support of this 
general view, that most of the findings 
in the constancies seem to support the 
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view that apparent brightness, color, 
speed, and form—all of them exhibiting 
notable tendencies toward high percep- 
tual invariance in the presence of marked 
change in the physical stimulus—turn 
out to be explicable in terms of constant 
relationships existing in the stimulus en- 
semble. Wallach (53) has shown that, 
within wide limits, apparent brightness 
is a function of ratios of stimulation in 
the visual field. A central field sur- 
rounded by an annulus with a ratio of 
1:10 in luminous flux appears to be the 
same brightness as a central field that 
bears a relation of 10:100 to its annulus. 
Two objects are seen as traveling at the 
same speed if their angular displacement 
bears a similar relationship to their ap- 
Parent distance from the eye—a more 
complicated form of ratio. And as Gib- 
son (21) has shown, apparent distance 
is a function of the change in texture of 
the field intervening between the object 
and the eye. He distinguishes four 
temporal or spatial orders: Let / and d 
indicate light and dark. Then the or- 
der Ill or dddd will be seen as a real or 
film color; UWiddd or dddill as a line or 
the edge of a figure; Idididid as a sur- 
face; and llliddddllldddllddid as a gradi- 
ent of texture indicating distance, equal 
distances presumably being based on like 
gradients of texture, all other things be- 
mg equal. : 
Undoubtedly, some of the equivalence 
coding in the perceptual constancies is 
innate, some learned. When we come to 
identity constancies, treating as equiva- 
lent objects that have been altered dras- 
tically in all respects save their defining 
attributes, we are very likely dealing 
with learned behavior exclusively. And 
here the “rules of equivalence” that are 
learned doubtless reflect the adjustmen- 
tal requirements of the organisms. We 
know from the work of Thouless (49), 
for example, that mechanics must and 
do learn to depend on size-constancy 
effects in judging the sizes of nuts and 
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bolts and the like, whether the objects 
are held in hand or are seen on the 
bench at some remove; and that painters 
learn to overcome brightness and color 
constancy effects to get on with their 
jobs. Klüver’s brilliant monograph on 
equivalence of stimuli (30) indicates the 
degree to which equivalence grouping is 
generally subject to learning. But per- 
haps the matter will be better elucidated 
if we turn now to the problem of per- 
ceptual variation in the face of constant 


stimulation. 


PERCEPTUAL VARIABILITY AND 
STIMULUS CONSTANCY 


Let me begin by telling you of a game 
my colleague George Miller and I played 
at lunch one day. The question was 
whether one could construct a sentence 
pun rather than a word pun. Our two 
successes serve to underline the nature 
of selective organization of a flow of in- 
formation. The two sentence puns are, 


first, 


The good candy came any way. 
The good can decay many ways. 


and 


One’s own leeway is to earn ever. 
One’s only way is to err never. 


Spoken rapidly, each speech flow in a 
ical from a pho- 


pair is virtually identi i 
nemic point of view. In the first pair, 
a final s provides the cue for retroactive 


segmentation of the flow into Jexemes or 
words. In the second pair, there is no 
such cue provided. The perception of 
speech is full of such examples of dif- 
ferential ways of organizing a temporal 
flow of stimulation. Since the pioneer- 
ing work of de Saussure (43) on the 
isolation of the phenome, and with the 
development of Jakobson and Halle’s 
method (29) of decomposing the pho- 
neme into a set of distinctive features, 
we know that the process of understand- 
ing speech involves a highly selective 
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method of isolating certain ranges of 
speech sounds, treating these quite arbi- 
trarily as equivalent, and then using 
these as the diacritica by which words 
may be distinguished. There is often 
ambiguity in the process of segmenta- 
tion, but this is rarely serious, for con- 
text almost always settles the issue—al- 
though the low-comedy deaf clown of 
classic vaudeville testifies to how close a 
thing such settlement can be. 

It is a commonplace of psychological 
research that the organization of a com- 
plex perception can be varied by vary- 
ing the set of the person—by varying 
the thing for which he is looking. Or, 
to use another common form of dis- 
course, what we take in depends upon 
how our attention is directed. 


What are the mechanisms that determine 
whether or not a given stimulus is perceived? 
What determines its dominance over other 
stimuli? Very intense stimuli generally domi- 
nate, and certain sensory modalities seem gen- 
erally to be prepotent. This is particularly 
true of pain, perhaps of movement in the pe- 
ripheral retina, of high Pitched sounds, of 
some odors. In birds and higher primates 
vision is prepotent but probably not in other 
mammalian orders, though the evidence is un- 
certain. However, for man, and probably for 
most animals, the characteristics of the stimu- 
lus are generally of secondary importance in 
determining what is perceived. Internal fac- 
tors, characterized as voluntary attention, play 
the major role in selecting stimuli for per- 
ception. Sometimes such attention involves 
chiefly giving prepotence to a sensory modal- 
ity, as when one looks at a picture or listens 
to music. Even in such cases, however, there 
is a further selection of the items perceived, in 


terms of organization that is somehow inherent - 


in the neural processes (33, pp. 426-427). 


I think Lashley’s summary of the matter 
admirable. What manner of neural proc- 
esses seem to be involved? 

Adrian proposes a first step toward an 
answer. 


The operations of the brain seem to be related 
to particular fields of sensory information 
which vary from moment to moment with 
the shifts of our attention. The signals from 


the sense organs must be treated differently 
when we attend to them and when we do not, 
and if we could decide how and where the 
divergence arises, we should be nearer to un- 
derstanding how the-level of consciousness is 
reached. The question [is] whether the affer- 
ent messages that evoke sensations are allowed 
at all times to reach the cerebral cortex or are 
sometimes blocked at a lower level. Clearly 
we can reduce the inflow from the sense or- 
gans as we do by closing the eyes and relaxing 
the muscles when we wish to sleep and it is 
quite probable that the sensitivity of some of 
the sense organs can be directly influenced by 
the central nervous system. But even in deep 
sleep or coma there is no reason to believe 
that sensory messages no longer reach the cen- 
tral nervous system. At some stage therefore 
on their passage to consciousness the messages 
meet with barriers that are sometimes open 
and sometimes closed. Where are these bar- 
riers, in the cortex, the brainstem, or else- 
where? (2, pp. 238-239). 


I would like to suggest as a first hy- 
pothesis that the barriers are every- 
where. The recent experiments of Ga- 
lambos eż al. (20) and Hernandez-Péon 
et al. (28) suggest that in the auditory 
system the barriers may exist as far pe- 
ripherally as the second synapse at the 
cochlear nucleus. In the first of these 
studies it was shown that evoked poten- 
tials in the cochlear nucleus produced by 
click stimulation adapted out with repe- 
tition. The click was then paired with 
an electric shock delivered across the 
chests of the experimental cats, and con- 
ditioning established; following this, the 
conditioned reaction was extinguished 
and then re-established, etc. While the 
click was a signal for shock, there was 
greater electrical discharge from the 
cochlear nucleus as well as from higher 
centers—the caudate nucleus and the 
auditory cortex. When extinction 0c- 
curred, when the animals did not show 
the crouching-snarling response to the 
click, there was marked reduction of ac- 
tivity in all three loci. To check whether 
the motor activity associated with the 
conditioned response was responsible for 
these changes in evoked potentials, Ga- 
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Jambos and his colleagues checked their 
findings on cats in whom a complete 
muscular paralysis had been induced. 
No difference in the general findings was 
produced by this precautionary control. 
The experiments of Hernandez-Péon 
et al. were of the same order, save that 
the attentional factor was varied in a 
somewhat different way. Again, activity 
was recorded at the cochlear nucleus, 
involving either second- or third-order 
neurones, and cats were exposed to pure 
tones at intensities comfortable to the 
human ear. Electrical activity was 
studied with three forms of distraction 
outside the auditory sphere: while ex- 
posed to the tone, cats were shown two 
mice in a bell jar, were given fish odors 
to smell, or were shocked on the fore- 
Paw; i.e., visual, auditory, and somatic 
distractors were employed. Electrical 
activity at the cochlear nucleus was 
meeedy reduced under all three con- 
etd in comparison with control re- 
ae ; The authors propose that the 
ES es of the response in the coch- 
hibi nucleus is probably effected by in- 
1 tory impulses from the midbrain 
reticular system. 
S question arises whether the inbi- 
th ion and facilitation effects found in 
ese two studies are selective within a 
Modality, whether there is selectivity for 
Particular tones or other stimuli. The 
evidence here is still sketchy. Her- 
nandez-Péon and Scherrer (27) have re- 
Ported, however, that selective adapta- 
tion or habituation effects, known to oc- 
cur in the midbrain reticular formation, 
can also be shown to operate at the 
cochlear nucleus. Prolonged repetition 
Of a tone of a given frequency produces 
habituation in this nucleus, but if the 
frequency of the stimulating tone is 
changed, the electrical activity in the 
nucleus increases to normal levels. What 
remains to be done is to repeat the Ga- 
lambos experiments with changes in the 
Characteristic of the stimulating tone- 
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If the conditioned stimulus is a tone of 
3000 c.p.s., will a tone of 5000 cp.s. 
produce less electrical discharge in the 
cochlear nucleus, the caudate, and the 
auditory cortex? 

Space does not permit a proper ap- 
praisal of the evidence for the assertion 
that selective barriers may operate in 
altering perception at virtually any level 
of the nervous system. Granit (22) 
presents evidence that suggests such a 
widespread locus of gating, inhibition, 
and facilitation. The work of Leksell 
(34) and of Kuffer and Hunt (31) on 
the control of afferent impulses from 
muscle spindles by the small diameter 
fibers of the ventral root of the spinal 
cord suggests that gating and control of 
impulses can occur right at the sense 
receptor. I do not know whether those 
of you who are expert in such matters 
would urge that, if there is such wide- 
spread monitoring of incoming impulses, 
it can all be traced back to the action of 
structures in what Penfield (38) calls 
the “centrencephalic system.” I know 
that Professor Lashley’s is a dissenting 
voice (33) to what appears to be a 
growing chorus of assent. Pribram * is 
also among those who would look for a 
broader locus, including a considerable 
role for what he speaks of as the pos- 
terior instrinsic sector of the dorsolatero- 
parietal convexity of the cortex. He 
distinguishes in perception between “de- 
tection” and “identification,” the former 
being a judgment of presence-absence of 
a stimulus and the latter being its place- 
ment or recognition. Destruction of the 
posterior intrinsic sector in monkeys ap- 
pears to destroy their capacity for choice 
discrimination problems while leaving 
seemingly intact their capacity to re- 
spond to presence and absence of a 
stimulus. But it is interesting to note 
that Pribram describes the posterior in- 
trinsic sector as receiving its extratel- 


4Ppribram K. The neurology of thinking. 
(In preparation.) 
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encephalic input exclusively from the 
thalamus, and it may well be that here 
again we are dealing with a central alert- 
ing or reinforcing station in the manner 
of Penfield’s “centrencephalic system.” 5 

But these are surely not questions of 
detail to be settled by a psychologist not 
properly cognizant of the anatomical and 
electrophysiological subtleties involved 
in locating where gating mechanisms are 
operative. My only reaction is that 
what is psychologically characteristic of 
selectivity on the afferent side is that 
one finds it at all levels of functioning— 
in the reception of information, in the 
selective losses of memory, and in the 
transformations of information involved 
in the thought processes. It seems highly 
unlikely, given this widespread range of 
selective loss and transformation, that 
there is one “seat” of this function in 
the nervous system, although it does not 
tule out the possibility of a centralized 
coordinating sector. Indeed, Galambos 
(17) has found not only that gating ex- 
tends down to the first neuron of the 
auditory nerve, but that one can create 
gating at this level by artificial stimula- 
tion of the olivo-cochlear bundle, and he 
also shows that section of this bundle 
prevents such centrifugal gating. Since 
this has been demonstrated, one wonders 


5 Since the above discussion was written, the 
writer has been informed by F. Bremer of 
Brussels of an experiment carried out in his 
laboratory by M. Jouvet and J. E. Desmedt 
in which the electrical activity of the cochlear 
nucleus in response to a click is inhibited by 
concurrent electrical stimulation of the lateral 
part of the anterior mesencephalic tegmentum, 
The inhibitory control exercised by this mes- 
encephalic locus does not appear to be medi- 
ated by the tract joining the superior olive 
and the cochlear nucleus. In any case it is 
becoming increasingly apparent that there are 
likely to be many centrifugal routes for the 
control, monitoring, and regulation of afferent 
input. A brief report of the work of Jouvet 
and Desmedt is to be found in Comptes rendus 
des seances de l’Academie des Sciences (Bel- 
gian), 243, 1916-1917, seance de 5 decembre 
1956. 


whether we are not on the verge of a 
new era in neurophysiological research 
where the old model of the reflex arc is 
once and for all going to be dethroned. 
The model that is emerging is certainly 
one that accords more with the known 
variability of perception under conditions 
of constant stimulation. 

Finally, let me say a few words about 
the nature of variations in perceptual or- 
ganization as these occur in the presence 
of a constant or steady stimulus. In 
the preceding section, mention was made 
of a set of rules governing the manner 
in which the relations within a stimulus 
ensemble might be used for coding the 
input, and that so long as inputs showed 
the prescribed relationships in the pat- 
terns of excitation they elicited, they 
would be coded equivalently. The com- 
plementary point can be made about 
variability in Perception with constant 
input. Given a change in the rules for 
the utilization of stimulus relationships, 
the resulting Percept can change even 
though the stimulus remains the same. 
Pribram, in writing on the neurology of 
thinking, remarks that the transforms 
that govern the utilization of features 
of an excitation—what we speak of as 
“rules”—are determined by factors other 
than the nature of the immediately 0p- 
erative stimulus input. The question of 
what kinds of events bring about such 
alterations in rules for gating afferent 
stimulation is still an open one, and it JS 
still a matter of debate whether there iS 
Some central activating system that is al- 


ways and necessarily involved in such 
alterations, 


A Brier CONCLUSION 


The model of Perception we have €x- 
plored in these pages is one that is & 
drastic departure from the conventional 
stimulus-response, associational, or re- 
flex-arc model that is a legacy to psy- 


® See footnote 4, 
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chology from the neurophysiology of a 
past generation. It is a model in which, 
to use the language of Fessard (15), 
there is a de-emphasis on transmission 
of impulses across synaptic segments 
and a shift in emphasis to integration 
and autogenic activity—a model includ- 
ing complex networks with the capacity 
to hold up and to alter the character- 
istics of impulses transmitted to them, 
and with the capacity to initiate activity 
that is transmitted elsewhere to affect 
ai of afferent impulses traveling to 
e cortex and efferent impulses traveling 
away from it. It isa system that, to put 
it figuratively, can determine within con- 
Siderable limits the nature of the effec- 
TA excitation which results when a 
3 ange in physical energy impinges upon 
a ense receptor. The tracing and ma- 
ipulation of efferent fibers carrying im- 
Rises to synapses along receptor path- 
ma and to sensory receptors themselves 
be cate that the neural model we shall 
teed is one in which centrally in- 
Hore control of sense data will play an 
ai ve role. If the neurophysiology 
aia generation ago forced psychology 
Be i peripheralist mold, certainly the 
me e Sr ge today corrects this bias 
of places a new emphasis on the role 
re central factors in perception. Most 
nag of all, I have the impression 
ie the neurological model of percep- 
aa that is now emerging begins for the 
oe time to conform to our knowledge 
b more complex forms of perception, 
oth in humans and at the infrahuman 
level, 
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There are two problems of behavior 
which any theory of motivation must 
come to grips with. They may finally 
reduce to one; but it will simplify the 
exposition which follows to maintain the 
distinction in this paper. The first 
problem is to account for an individual’s 
selection of one path of action among 
a set of possible alternatives. The sec- 
ond problem is to account for the ampli- 
tude or vigor of the action tendency 
once it is initiated, and for its tendency 
to Persist for a time in a given direction. 
This Paper will deal with these ques- 
tions in a conceptual framework sug- 
gested by research which has used the- 
metic apperception to assess individual 

ifferences in strength of achievement 
motivation (1, 14, 15). 

The problem of selection arises in ex- 
e ents which allow the individual to 
Te a task among alternatives that 
le in difficulty (level of aspiration). 
Ta e problem of accounting for the vigor 
s response arises in studies which 

eek to relate individual differences in 
strength of motivation to the level of 
Performance when response output at a 
Particular task is the dependent vari- 
able. In treating these two problems, 
the discussion will be constantly focused 
on the relationship of achievement m0- 
tivation to risk-taking behavior, an im- 
Portant association uncovered by Mc- 
Clelland (14) in the investigation of the 
role of achievement motivation in entre- 


ŽI wish to acknowledge the stimulation and 
Criticism of colleagues at the Center for Ad- 
Vanced Study in the Behavioral Sciences 
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NG research by a grant from the Ford Foun- 

on. 


preneurship and economic development.? 

Earlier studies have searched for a 
theoretical principle which would ex- 
plain the relationship of strength of 
motive, as inferred from thematic ap- 
perception, to overt goal-directed per- 
formance. The effect of situation cues 
(e.g., of particular instructions) on this 
relationship was detected quite early 
(1), and subsequent experiments have 
suggested a theoretical formulation simi- 
lar to that presented by Tolman (21) 
and Rotter (20). It has been proposed 
that n Achievement scores obtained 
from thematic apperception are indices 
of individual differences in the strength 
of achievement motive, conceived as a 
relatively stable disposition to strive for 
achievement or success. This motive- 
disposition is presumed to be latent 
until aroused by situation cues which in- 


dicate that some performance will be in- 


strumental to achievement. The strength 
of aroused motivation to achieve as 
manifested in performance has been 
viewed as a function of both the 
strength of motive and the expectancy 


of goal-attainment aroused by situation 


cues. This conception has provided a 
ion of experi- 


fairly adequate explanati 
mental results to date, and several of 
its implications have been tested (1, 2). 

The similarity of this conception to 
the expectancy principle of performance 
developed by Tolman, which also takes 
account of the effects of a third variable, 
incentive, suggested the need for experi- 
ments to isolate the effects on motiva- 


D. C. Interest in risky occu- 
bjects with high achieve- 
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tion of variations in strength of expect- 
ancy of success and variations in the 
incentive value of particular accomplish- 
ments. The discussion which follows 
was prompted by the results of several 
exploratory experiments. It represents 
an attempt to state explicitly how indi- 
vidual differences in the strength of 
achievement-related motives influence 
behavior in competitive achievement 
situations. A theoretical model will 
be presented first, then a brief sum- 
mary of some as yet unpublished experi- 
mental evidence will be introduced in 
order to call the reader’s attention to 
the kinds of research problems it raises 
and the scope of its implications. 

Three variables require definition and, 
ultimately, independent measurement. 
The three variables are motive, expect- 
ancy, and incentive. Two of these— 
expectancy and incentive—are similar 
to variables presented by Tolman (21) 
and Rotter (20). An expectancy is a 
cognitive anticipation, usually aroused 
by cues in a situation, that performance 
of some act will be followed by a par- 
ticular consequence. The strength of 
an expectancy can be represented as 
the subjective probability of the conse- 
quence, given the act. 

The incentive variable has been rela- 
tively ignored, or at best crudely de- 
fined, in most research. It represents 
the relative attractiveness of a specific 
goal that is offered in a situation, or 
the relative unattractiveness of an event 
that might occur as a consequence of 
some act. Incentives may be manipu- 
lated experimentally as, for example, 
when amount of food (reward) or 
amount of shock (punishment) is varied 
in research with animals. 

The third variable in this triumvirate 
—motive—is here conceived differently 
than, for example, in the common con- 
ception of motivation as nondirective 
but energizing drive (3). A motive is 
conceived as a disposition to strive for 
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a certain kind of satisfaction, as a ca- 
pacity for satisfaction in the attainment 
of a certain class of incentives. The 
names given motives—such as achieve- 
ment, affiliation, power—are really 
names of classes of incentives which 
produce essentially the same kind of 
experience of satisfaction: pride in ac- 
complishment, or the sense of belonging 
and being warmly received by others, or 
the feeling of being in control and in- 
fluential. McClelland (13, pp. 341- 
352 and 441-458; 15) has presented 
arguments to support the conception of 
motives as relatively general and stable 
characteristics of the personality which 
have their origins in early childhood 
experience. The idea that a motive may 
be considered a capacity for satisfaction 
is suggested by Winterbottom’s (15, 22) 
finding that children who are strong in 
achievement motive are rated by teach- 
ers as deriving more pleasure from suc- 
cess than children who are weak in 
achievement motive. 

The general aim of one class of mo- 
tives, usually referred to as appetites 
or approach tendencies, is to maximize 
satisfaction of some kind. The achieve- 
ment motive is considered a disposition 
to approach success, 

The aim of another class of motives 
is to minimize pain. These have been 
called aversions, or avoidant tendencies. 
An avoidance motive represents the mr 
dividual’s Capacity to experience pa!” 
in connection with certain kinds of nega- 
tive consequences of acts. The motive 
to avoid failure is considered a disposi 
tion to avoid failure and/or a capacity 
for experiencing shame and humiliation 
as a Consequence of failure. 

The principle of motivation. The 
strength of motivation to perform some 
act is assumed to be a multiplicative 
function of the strength of the motive, 
the expectancy (subjective probability) 
that the act will have as a consequnece 
the attainment of an incentive, and the 
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value of the incentive: Motivation = f 
(Motive X Expectancy X Incentive). 
This formulation corresponds to Tol- 
man’s (21) analysis of performance ex- 
cept, perhaps, in the conception of a 
motive as a relatively stable disposi- 
tion. When both motivation to ap- 
proach and motivation to avoid are 
simultaneously aroused, the resultant 
motivation is the algebraic summation 
of approach and avoidance. The act 
which is performed among a set of al- 
ternatives is the act for which the re- 
sultant motivation is most positive. 
The magnitude of response and the per- 
sistence of behavior are functions of the 
strength of motivation to perform the 
act relative to the strength of motiva- 
tion to perform competing acts. 

Recent experiments (2) have helped 
to clarify one problem concerning the 
relationship between measures of the 
strength of a particular motive (7 
Achievement) and performance. Per- 
formance is positively related to the 
strength of a particular motive only 
when an expectancy of satisfying that 
motive through performance has been 
aroused, and when expectancies of satis- 
fying other motives through the same 
action have not been sufficiently aroused 
to confound the simple relationship. 
This is to say no more than that, when 
expectancies of attaining several differ- 
ent kinds of incentives are equally 
salient in a situation, the determination 
of motivation to perform an act is very 
complex. Performance is then overde- 
termined in the sense that its strength 
is now a function of the several different 
kinds of motivation which have been 
aroused. The ideal situation for show- 
ing the relationship between the strength 
of a particular motive and behavior is 
one in which the only reason for acting 
is to satisfy that motive. 

The theoretical formulation which fol- 
lows pertains to such an ideal achieve- 
ment-related situation, which is at best 
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only approximated in actual experi- 
mentation or in the normal course of 
everyday life. The discussion will deal 
only with the effects of the two motives, 
to achieve and to avoid failure, normally 
aroused whenever performance is likely 
to be evaluated against some standard 
of excellence. 

Behavior directed toward achievement 
and away from failure. The problem of 
selection is confronted in the level-of- 
aspiration situation where the individual 
must choose among tasks which differ 
in degree of difficulty. The problem of 
accounting for the vigor of performance 
arises in the situation which will be re- 
ferred to as constrained performance. 
Here there is no opportunity for the in- 
dividual to choose his own task. He is 
simply given a task to perform. He 
must, of course, decide to perform the 
task rather than to leave the situation. 
There is a problem of selection. In re- 
ferring to this situation as constrained 
performance, it is the writer’s intention 
to deal only with those instances of be- 
havior in which motivation for the al- 
ternative of leaving the situation is less 
positive or more negative than for per- 
formance of the task that is presented. 
Hence, the individual does perform the 
task that is given. The level of per- 
formance is the question of interest. 

Elaboration of the implications of the 
multiplicative combination of motive, 
expectancy, and incentive, as proposed 
to account for strength of motivation, 
will be instructive if we can find some 
reasonable basis for assigning numbers 
to the different variables. The strength 
of expectancy can be represented as a 
subjective probability ranging from 0 to 
1.00. But the problem of defining the 
value of a particular 
nd the negative incen- 
articular failure is a 


positive incentive 
accomplishment a 
tive value of a P 


real stickler- , 
In past discussions of level of aspira- 


tion, Escalona and Festinger (see 12) 
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have assumed that, within limits, the at- 
tractiveness of success is a positive func- 
tion of the difficulty of the task, and 
that the unattractiveness of failure is a 
negative function of difficulty, when the 
type of activity is held constant. The 
author will go a few steps farther with 
these ideas, and assume that degree of 
difficulty can be inferred from the sub- 
jective probability of success (P,). The 
task an individual finds difficult is one 
for which his subjective probability of 
success (P,) is very low. The task an 
individual finds easy is one for which 
his subjective probability of success 
(P;) is very high. Now we are in a 
position to make simple assumptions 
about the incentive values of success or 
failure at a particular task. Let us as- 
sume that the incentive value of suc- 
cess (/,) is a positive linear function of 
difficulty. If so, the value 1 — P, can 
represent J,, the incentive value of suc- 
cess. When P, is high (e.g., .90), an 
easy task, J, is low (e.g., .10). When 
' P, is low (e.g., .10), a difficult task, Zs 
is high (e.g., .90). The negative incen- 
tive value of failure (J;) can be taken 
as — P.. When P, is high (e.g., .90), 
as in confronting a very easy task, the 
sense of humiliation accompanying fail- 
ure is also very great (e.g., — .90). 
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However, when P, is low (e.g., -10), as 
in confronting a very difficult task, there 
is little embarrassment in failing (e.g, 
—.10). We assume, in other words, 
that the (negative) incentive value of 
failure (J;) is a negative linear function 
of difficulty. It is of some importance 
to recognize the dependence of incen- 
tive values intrinsic to achievement and 
failure upon the subjective probability 
of success. One cannot anticipate the 
thrill of a great accomplishment if, as 2 
matter of fact, one faces what seems 4 
very easy task. Nor does an individual 
experience only a minor sense of pride 
after some extraordinary feat against 
what seemed to him overwhelming odds. 
The implications of the scheme which 
follows rest heavily upon the assump- 
tion of such a dependence. 

In Table 1, values of 1 have been 
arbitrarily assigned to the achievement 
motive (M,) and the motive to avoid 
failure (M,). Table 1 contains the 
strength of motivation to approach suc- 
cess (M, X P, X I,) and motivation to 
avoid failure (M, X Py X I,) through 
performance of nine different tasks la- 
beled A through I. The tasks differ in 
degree of difficulty as inferred from the 
subjective probability of success (P s). 
The incentive values of success and fail- 


TABLE 1 


AROUSED MOTIVATION TO ACHIEVE (APPROACH) AND TO Avorp FAILURE (AVOIDANCE) AS A 
Jomr Fonction or Motive (M), Expectancy (P), AnD IncENTIVE (I), 
Warre I, = (1 — P.) axo I; = (—P,) 


Motivation to Achieve 


Motivation to Avoid Failure 


Resultant Motivation.) 


M. XP, X Ia = Approach 


Mı XPy X Is = Avoidance 


Task A Do A0 4:90 09 
Task B 1 20 .80 16 
Task C 1 30 .70 21 
Task D 1 40 .60 24 
Task E 1 50; 9:50 25 
Task F 1 60 40 24 
Task G 1 70 30 vt 
Task H 1 80 .20 16 
Task I 1 2907 7:10) 09 


1 
1 
1 
1 
il 
1 
1 
1 
1 


90 —.10 —.09 0 
80 —.20 =.16 0 
70 —.30 —)21 0 
60 —.40 —.24 0 
50 —.50 —.25 0 
40 —.60 —.24 0 
30 —.70 —.21 0 
20 —80 ~.16 0 
10—90 —.09 0 
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ae pone of the tasks have been calcu- 
a. eae from the assumptions that 
af ive value of success equals 1 — Ps 
a es incentive value of failure equals 
Ba a a and P; are assumed to 
eo! may be considered an exten- 
fap presented in the resultant 
eat theory of level of aspiration by 
a a and Festinger (12). The pres- 
lier mera goes beyond their ear- 
iar oposa (a) in making specific as- 
T ete regarding the incentive values 
— = and failure, and (b) in stat- 
a Pd ig how individual differences 
fibtive tp of ra motive and 
tn? avoid failure influence mo- 
sn the achievement motive is 
fae, (m >M,). The right-hand 
ee Table 1 shows the resultant 
cas ion for each of the tasks in this 
od en case where achievement motive 
re ge to avoid failure are equal in 
Roark . In every case there is an ap- 
Pati apes conflict with resultant 
if ae a equal to 0. This means that 
Sink ae ievement motive were stronger 
Aa i. motive to avoid failure—for 
a e, if we assigned M, a value of 
fine: resultant motivation would be- 
ee Positive for each of the tasks and 
the agnitude would be the same as in 
hh column labeled Approach. Let us 
erefore consider only the strength of 
oe ie resultant valence theory of level of 
ace i mie resultant force ({*) fo Fem 
Success (P, of difficulty equals probe Wa) 
minus a) times valence of success A 
E Jprobabiity of failure (Pr) eat that 
the val ailure (Var). Tt i es pal 
ence of a goal [Va(G)] depends partly 
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n the properties of the activity and specific 
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(G) =F (G, 
t conception, the 
properties © 


Hay of the person, [Va 
rape: 273). In the present 
Species rewarding or punishing 
AY c goals (ie. incentives) and the more 
R ral disposition of the person toward 2 
Class of incentives (ie. his motive) are given 


dependent status. 
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approach motivation for each of the 
tasks, to see the implications of the 
model for the person in whom the need 
for achievement is stronger than his 
disposition to avoid failure. 

One thing is immediately apparent. 
Motivation to achieve is strongest when 
uncertainty regarding the outcome is 
greatest, i.e., when P, equals .50. If the 
individual were confronted with all of 
these tasks and were free to set his own 
goal, he should choose Task E where Ps 
is .50, for this is the point of maximum 
approach motivation. The strength of 
motivation to approach decreases as P, 
increases from .50 to near certainty of 
success (P, = .90), and it also decreases 
as P, decreases from .50 to near Cer- 
tainty of failure (P, = -10). 

If this person were to be confronted 
with a single task in what is here called 
the constrained performance situation, 
we should expect him to manifest strong- 
est motivation in the performance of 
a task of intermediate difficulty where 
P, equals .50. If presented either ° 
more difficult tasks or easier tasks, the 
strength of motivation manifested in 
performance should be lower. The rela- 
tionship between strength of motivation 
as expressed in performance level and 
expectancy t the task, in 


of success 4 
other words, should be described by 4 
bell-shaped curve. 


ive to avoid failure is 
Let us now ig- 


ngth of approach motiva- 


nore the stre 
gn it a value of 


tion and tentatively assi value 
0, in order to examine the implications 
of the model for any case in which the 
avoid failure is the stronger 
motive. The resultant motivation for 

k would then correspond to the 


each tas 
values listed in the column labeled 


Avoidance. 

What should we expect of the person 
in whom the disposition to avoid fail- 
ure is stronger than the motive to 
achieve? It is apparent at once that 
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the resultant motivation for every task 
would be negative for him. This per- 
son should want to avoid all of the 
tasks. Competitive achievement situa- 
tions are unattractive to him. If, how- 
ever, he is constrained (e.g., by social 
pressures) and asked to set his level of 
aspiration, he should avoid tasks of in- 
termediate difficulty (P;=.50) where 
the arousal of anxiety about failure is 
greatest. He should choose either the 
easiest (P, = .90) or the most difficult 
task (P,=.10). The strength of avoid- 
ant motivation is weakest at these two 
points. 

In summary, the person in whom the 
achievement motive is stronger should 
set his level of aspiration in the inter- 
mediate zone where there is moderate 
risk. To the extent that he has any 
motive to avoid failure, this means that 
he will voluntarily choose activities that 
maximize his own anxiety about failure! 
On the other hand, the person in whom 
the motive to avoid failure is stronger 
should select either the easiest of the al- 
ternatives or should be extremely specu- 
lative and set his goal where there is 
virtually no chance for success. These 
are activities which minimize his anx- 
iety about failure. 

How does the more fearful person be- 
have when offered only a specific task 
to perform? He can either perform the 
task or leave the field. If he chooses 
to leave the field, there is no problem. 
But if he is constrained, as he must be 
to remain in any competitive achieve- 
ment situation, he will stay at the task 
and presumably work at it. But how 
hard will he work at it? He is moti- 
vated to avoid failure, and when con- 
strained, there is only one path open to 
him to avoid failure—success at the task 
he is presented. So we expect him to 
manifest the strength of his motivation 
to avoid failure in performance of the 
task. He, too, in other words, should 
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try hardest * when P, is .50 and less 
hard when the chance of winning is 
either greater or less. The 50-50 al- 
ternative is the last he would choose if 
allowed to set his own goal, but once 
constrained he must try hard to avoid 
the failure which threatens him. Not 
working at all will guarantee failure of 
the task. Hence, the thought of not 
working at all should produce even 
stronger avoidant motivation than that 
aroused by the task itself. 

In other words, irrespective of whether 
the stronger motive is to achieve or to 
avoid failure, the strength of motivation 
to perform a task when no alternatives 
are offered and when the individual is 
constrained should be greatest when Ps 
is .50. This is the condition of greatest 
uncertainty regarding the outcome. But 
when there are alternatives which differ 
in difficulty, the choice of level of as- 
piration by persons more disposed to 
avoid failure is diametrically opposite 
to that of persons more disposed to 
seek success. The person more moti- 
vated to achieve should prefer a mod- 
erate risk. His level of aspiration will 
fall at the point where his positive mo- 
tivation is strongest, at the point where 
the odds seem to be 50-50. The fear- 
ful person, on the other hand, must 
select a task even though all the al- 
ternatives are threatening to him. He 
Prefers the least threatening of the avail- 
able alternatives: either the task which 
is so easy he cannot fail, or the task 
which is so difficult that failure would 
be no cause for self-blame and embar- 
rassment. 

The tendency for anxious persons tO 
Set either extremely high or very low 
aspirations has been noted over and over 

*I do not mean to exclude the possibility 
that the very anxious person may suffer a 
performance decrement due to the arousal of 
some “task-irrelevant” avoidant responses, aS 
Proposed in the interpretation of research 


which has employed the Mandler-Sarason 
Measure of Test Anxiety (16). 
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Strength of Motivation 


Probability of Success 


a Fic. 1. _ Strength of motivation to achieve 
5a Ea avoid failure as a function of the sub- 
jective probability of success, i.e, the difficulty 
of the task. 


again in the literature on level of as- 
piration (12). Typically, groups of per- 
sons for whom the inference of greater 
anxiety about failure seems justified on 
the basis of some personality assess- 
ES show a much greater variance in 
evel of aspiration than persons whose 
Motivation is inferred to be more nor- 
mal or less anxious. When the details 
behavior are examined, it turns out 
l at they are setting their aspiration 
evel either defensively high or defen- 
sively low. 

Without further assumptions, the the- 
ory of motivation which has been pre- 
sented when applied to competitive- 
achievement activity implies that the 
relationship of constrained performance 
to expectancy of goal-attainment should 
take the bell-shaped form shown in 
Fig. 1, whether the predominant motive 
is to achieve or to avoid failure. Fur- 
ther, the theory leads to the prediction 
of exactly opposite patterns for setting 
the level of aspiration 
dominant motivation is @PP 
when it is avoidant, as shown in Fig. 2 

Both of these hypotheses have been 
Supported in recent experiments. The 
writer offered female college students 


5 Atkinson, J. W- Towards experimenta] 
analysis of human motivation in terms © 


a modest monetary prize for good per- 
formance at two 20-minute tasks. The 
probability of success was varied by in- 
structions which informed the subject of 
the number of persons with whom she 
was in competition and the number of 
monetary prizes to be given. The 
stated probabilities were Yo, %, Ya 
and 34. The level of performance was 
higher at the intermediate probabilities 
than at the extremes for subjects having 
high thematic apperceptive 7 Achieve- 
ment scores, and also for subjects who 
had low » Achievement scores, presum- 
ably a more fearful group. 

McClelland ° has shown the diametri- 
cally opposite tendencies in choice of 
level of aspiration in studies of children 
in kindergarten and in the third grade. 
One of the original level-of-aspiration ex- 
the ring-toss experiment, was 
ve-year-olds, and a non- 
the strength of achieve- 


periments, 
repeated with fi 
verbal index of 


Motive to Achieve 
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a Motive to 
Avoid Failure 
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Relative Attractiveness of Tasks 


probability of Success 
ess of tasks 
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jective probability of suc- 
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ment motive was employed. Children 
who were high in n Achievement more 
frequently set their level of aspiration 
in the intermediate range of diffculty. 
They took more shots from a modest 
distance. Children who were low in n 
Achievement showed a greater prepon- 
derance of choices at the extreme levels 
of difficulty. They more often stood 
right on top of the peg or stood so far 
away that success was virtually impos- 
sible. The same difference between high 
and low » Achievement groups was ob- 
served on another task with children in 
the third grade. McClelland views these 
results as consistent with his theoretical 
argument concerning the role of achieve- 
ment motivation in entrepreneurship and 
economic development (14). He has 
called attention to the relationship be- 
tween achievement motivation and an 
interest in enterprise which requires 
moderate or calculated risks, rather 
than very safe or highly speculative 
undertakings. 

In an experiment designed for another 
purpose, Clark, Teevan, and Ricciuti 
(4) have presented results with college 
students comparable to those of Mc- 
Clelland. Immediately before a final 
examination in a college course, stu- 
dents were asked a series of questions 
pertaining to grade expectations, affec- 
tive reactions to grades, and the grades 
they would settle for if excused from 
taking the exam. A number of indices 
were derived from responses to these 
questions, by which the students were 
classified as: hopeful of success, i.e., if 
the settle-for grade was near the maxi- 
mum grade the student thought he 
could possibly achieve; fearful of fail- 
ure, i.e., if the settle-for grade was near 
the minimum grade the student thought 
he might possibly drop to; and inter- 
mediate, ie., if the settle-for grade 
fell somewhere between these two ex- 
tremes. Previously obtained m Achieve- 
ment scores were significantly higher for 


the intermediate group than for the two 
groups who set either extremely high or 
low levels of aspiration. 

In terms of the model presented in 
Table 1, the two extreme patterns of 
aspirant behavior which are here desig- 
nated hope of success and fear of fail- 
ure are to be considered two pheno- 
typically dissimilar alternatives that are 
genotypically similar. That is, they both 
function to avoid or reduce anxiety for 
the person in whom the motive to avoid 
failure is stronger than the motive to 
achieve. 

A question may arise concerning the 
legitimacy of inferring relatively stronger 
motive to avoid failure from a low ” 
Achievement score in thematic appet- 
ception. The inference seems justifie 
on several counts. First, the kind of 
learning experience which is thought to 
contribute to the development of a posi- 
tive motive to achieve (15, 22) seems 
incompatible with the kind of experi- 
ence which would contribute to the de- 
velopment of an avoidant motive. In 
any specific early learning experience 
in which successful independent accom- 
plishment is encouraged and rewarded, 
it seems impossible for incompetence, 
at the same time, to be punished. Sec- 
ond, even if it is assumed that high and 
low 7 Achievement groups may be equal 
in the disposition to be fearful of fail- 
ure, the fact that one group does not 
show evidence of a strong motive tO 
achieve (the group with low m Achieve- 
ment scores) suggests that fear of fail- 
ure should be relatively stronger in that 
group than in the group which does 
show evidence of strong n Achievement 
(high Achievement scores). Finally; 
Raphelson (19) has presented evidence 
that n Achievement, as measured in 
thematic apperception, is negatively Te- 
lated to both scores on the Mandler- 
Sarason Scale of Test Anxiety and 4 
Psychogalvanic index of manifest anx- 
jety obtained in a test situation. Test 
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anxiety scores and the psychogalvanic 
index of manifest anxiety were posi- 
tively correlated, as they should be if 
each is an effective measure of fear 
aroused in a competitive situation. 

Although a low » Achievement score 
can hardly be viewed as a direct index 
of the disposition to avoid failure, there 
seems good presumptive evidence that 
fear of failure is relatively stronger than 
the achievement motive in such a group. 
And this presumption is all the theory 
demands to explain the pattern of goal 
setting which focuses upon the extremes 
In the range of difficulty among persons 
low in n Achievement. 

The details of the exploratory experi- 
ments suggest that one further assump- 
tion be made. In both experiments, the 
high z Achievement groups showed evi- 
dence of maximum motivation when the 
observed or stated probability of success 
Was approximately .33. At this point, 
the high n Achievement group showed 
the highest level of constrained perform- 
ance. And this point was most favored 
by the high n Achievement group in set- 
ting level of aspiration in the McClel- 
land experiment. The assumption to 
be made seems a reasonable one: the 
relative strength of a motive influences 
the subjective probability of the conse- 
quence consistent with that motive— 
i.e., biases it upwards. In other words, 
the Stronger the achievement motive 
m alive to the motive to avoid failure, 
po higher the subjective probability of 

ccess, given stated odds. The stronger 
t e motive to avoid failure relative to 
sue vement motive, the higher the 
= jective probability of failure, given 

ated odds or any other objective basis 
or inferring the strength of expectancy- 
mye evidence from two earlier studies 
2 Pertinent. When subjects stated the 
Ea that they expected to make on a 
au with very ambiguous or conflicting 
7 es from past performance (15, p. 247) 
r when faced with a novel task at 
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Fic. 3. Strength of motivation to achieve 
and to avoid failure as a function of the ob- 
jective probability of success. It is assumed 
that the subjective probability of the conse- 
quence consistent with the stronger motive is 
biased upwards. 


which they had no experience (18), the 
stated level of expectation was positively 
related to n Achievement. The biasing 
effect of the motive on subjective prob- 
ability should diminish with repeated 
learning experience in the specific situa- 
tion. 

When this assumption is made, the 
point of maximum motivation to achieve 
now occurs where the stated (objective) 
odds are somewhat lower than .50; and 
the point of maximum motivation to 
avoid failure occurs at a point some- 
what higher than stated odds of .50, as 
shown in Fig. 3. The implications of 
this assumption for constrained per- 
formance in somewhat novel situations 
are evident in the figure. When the 
achievement motive is stronger than the 
motive to avoid failure, there should be 
a tendency for stronger motivation to 
be expressed in performance when the 
objective odds are long, Le., below 50. 
When the motive to avoid failure is 
stronger than the achievement motive, 
there should be greater motivation ex- 
pressed when the objective odds are 
short, i.e., above -50. ‘ 

The effects of success and failure. 
Let us return to the model and ask, 
What are the effects of success and fail- 
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ure on the level of motivation? We 
may refer back to Table 1 to answer 
this question. First, let us consider the 
effects of success or failure on the level 
of motivation in a person whose motive 
to achieve is stronger than his motive 
to avoid failure. In the usual level-of- 
aspiration situation, he should initially 
set his goal where P, equals .50. In 
Table 1, this is Task E. If he succeeds 
at the task, P, should increase. And, 
assuming that the effects of success and 
failure generalize to similar tasks, the 
P, at Task D which was initially .40 
should increase toward .50. On the 
next trial, P, at Task E is now greater 
than .50, and P, at Task D now ap- 
proaches .50. The result of this change 
in P, is diminished motivation to achieve 
at the old task, E, and increased mo- 
tivation to achieve at Task D, an ob- 
jectively more difficult task. The ob- 
served level of aspiration should in- 
crease in a step-like manner following 
success, because there has been a change 
in motivation. 

A further implication of the change 
in strength of motivation produced by 
the experience of success is of great 
Consequence: given a single, very diffi- 
cult task (e.g., P, = -10), the effect of 
Continued success in repeated trials is 
first a gradual increase in motivation as 
P, increases to -50, followed by a 
gradual decrease in motivation as P, 
increases further to the point of cer- 
tainty (P, = 1.00). Ultimately, as P, 
approaches 1.00, satiation or loss of in- 
terest should occur. The task no longer 
arouses any motivation at all. Why? 
Because the subjective probability of 
success is so high that the incentive 
value is virtually zero. Here is the clue 
to understanding how the achievement 
motive can remain insatiable while 
satiation can occur for a particular line 
of activity. The Strength of motive 
can remain unchanged, but interest in 
a particular task can diminish com- 


pletely. Hence, when free to choose, 
the person who is stronger in achieve- 
ment motive should always look for new 
and more difficult tasks as he masters 
old problems. If constrained, the per- 
son with a strong achievement motive 
should experience a gradual loss of in- 
terest in his work. If the task is of in- 
termediate difficulty to start with (Ps 
= .50), or is definitely easy (Ps > .50), 
his interest should begin to wane after 
the initial experience of success. 

But what of the effect of failure on 
the person who is more highly moti- 
vated to achieve than to avoid failure? 
Once more we look at the Approach 
column of Table 1. If he has er 
Task E (P,=.50) to start with ar 
fails at it, the P, is reduced. Cont ig 
failure will mean that soon Task 
(formerly P, = .60) will have a Ps neat 
50. He should shift his interest to nn 
task, which was objectively less aip 
in the initial ordering of tasks. This 
constitutes what has been called a r 
ing of the level of aspiration. He ha 
moved to the easier task as a conse 
quence of failure. il- 

What is the effect of continued fai 
ure at a single task? If the initial A 
is one that appeared relatively easy i 
the subject (e.g., P, = .80) and he a 
his motivation should increase! The. z 
will drop toward :70, but the incentiv 
value or attractiveness of the task pile 
increase. Another failure should R 
crease his motivation even more. e: d 
will continue until the P, has dropp 
to .50. Further failure should then le 
to a gradual weakening of motivation 4 
P, decreases further. In other ee 
the tendency of persons who are Te A 
tively strong in achievement motive is 
Persist at a task in the face of failure 
Probably attributable to the relative Y 
high subjective probability of ae 
initially. Hence, failure has the effect 
of increasing the strength of their mO 
tivation, at least for a time. Ultimately, 
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however, interest in the task will di- 
minish if there is continued failure. If 
the initial task is perceived by the per- 
son as very difficult to start with (P, 
< .50), motivation should begin to di- 
minish with the first failure. 

Let us turn now to the effect of suc- 
cess and failure on the motivation of 
the person who is more strongly dis- 
posed to be fearful of failure. If the 
person in whom the motive to avoid 
failure is stronger has chosen a very 
difficult task in setting his level of as- 
piration (e.g., Task A where P, = .10) 
and succeeds, P increases and his mo- 
tivation to avoid the task is paradoxi- 
cally increased! It would almost make 
sense for him deliberately to fail, in 
order to keep from being faced with a 
stronger threat on the second trial. If 
there are more difficult alternatives, he 
should raise his level of aspiration to 
avoid anxiety! Fortunately for this 
person, his strategy (determined by the 
nature of his motivation) in choosing a 
very difficult task to start with protects 
him from this possibility, because P, is 
so small that he will seldom face the 
paradoxical problem just described. If 
he fails at the most difficult task, as is 
likely, P, decreases further, Py increases 
further, and the aroused motivation to 
avoid failure is reduced. By continued 
failure he further reduces the amount 
of anxiety about failure that is aroused 
by this most difficult task. Hence, he 
should continue to set his level at this 
point. If he plays the game long enough 
and fails continuously, the probability of 
failure increases for all levels of diffi- 
culty. Sooner or later the minimal mo- 
tivation to avoid failure at the most 
difficult task may be indistinguishable 
from the motivation to avoid failure at 
the next most difficult task. This may 
ultimately allow him to change his level 
of aspiration to a somewhat less diffi- 
cult task without acting in gross contra- 


diction to the proposed principle of mo- 
tivation. 

If our fearful subject has initially 
chosen the easiest task (Task I where 
P,=.90) and if he fails, P,; decreases 
toward .80, and his motivation to avoid 
the task also increases. If there is no 
easier task, the most difficult task should 
now appear least wnattractive to him, 
and he should jump from the easiest to 
the most difficult task. In other words, 
continued failure at a very easy task 
decreases P, toward .50; and, as Table 1 
shows, a change of this sort is accom- 
panied by increased arousal of avoidant 
motivation. A wild and apparently ir- 
rational jump in level of aspiration from 
very easy to very difficult tasks, as a 
consequence of failure, might be mis- 
takenly interpreted as a possible effort 
on the part of the subject to gain social 
approval by seeming to set high goals. 
The present model predicts this kind of 
activity without appealing to some ex- 
trinsic motive. It is part of the strategy 
of minimizing expected pain of failure 
after one has failed at the easiest task. 

If our fear-disposed subject is success- 
ful at the most simple task, his P, in- 
creases, his P; decreases, and his mo- 
tivation to avoid this task decreases. 
The task becomes less and less unpleas- 
ant. He should continue playing the 
game with less anxiety. 

Table 1, when taken in its entirety, 
deals with the special case of the per- 
son in whom the two motives are exactly 
equal in strength. The implications are 
clear. In the constrained-performance 
situation, he should work hardest when 
the probability of success is .50, be- 
cause motivation to achieve and moti- 
vation to avoid failure will summate in 
the constrained instrumental act which 
is at the same time the pathway toward 
success and away from failure. (This 
summation should also occur in the 
cases where one motive is stronger.) 
But in the level-of-aspiration setting 
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where there is an opportunity for choice 
among alternatives, the avoidance moti- 
vation exactly cancels out the approach 
motivation. Hence, the resultant moti- 
vation for each of the alternatives is 
zero. His choice of level of aspiration 
cannot be predicted from variables in- 
trinsic to the achievement-related na- 
ture of the task. If there is any orderly 
pattern in this conflicted person’s level 
of aspiration, the explanation of it must 
be sought in extrinsic factors, e.g. tke 
desire to gain social approval. Such a 
desire can also be conceptualized in 
terms of motive, expectancy, and incen- 
tive, and the total motivation for a par- 
ticular task can then be attributed to 
both achievement-related motives and 
other kinds of motives engaged by the 
particular features of the situation. 

In recent years there has been some- 
thing of a rebirth of interest in the 
problems of level of aspiration, particu- 
larly in pathological groups. The tend- 
ency for anxious groups to show much 
greater variability in level of aspiration, 
setting their goals either very high or 
very low relative to less anxious per- 
sons, was noted in early studies by 
Sears, Rotter, and others (12). Miller 
(17), Himmelweit (9), and Eysenck 
and Himmelweit (8) have produced 
substantial evidence that persons with 
affective disorders (neurasthenia or dys- 
thymia) typically set extremely high 
goals for themselves; hysterics, on the 
other hand, show a minimal level of 
aspiration, often setting their future 
goal even below the level of past per- 
formance. In all of these studies, nor- 
mal control groups have fallen between 
these two extremes, as might be ex- 
pected from the present model if nor- 
mals are relatively more positive in 
their motivation in achievement-related 
situations. 

In the work of Eysenck (7) and his 
colleagues, both dysthymics and hyster- 
ics show greater neuroticism than nor- 


mal subjects. Eysenck’s interpretation 
of this factor as autonomic sensitivity is 
consistent with the implications of the 
present model, which attributes the set- 
ting of extremely high or low levels of 
aspiration to relatively strong motiva- 
tion to avoid failure. A second factor, 
extraversion-introversion, discriminates 
the affective disorders and hysterics 
where the present model, dealing only 
with motives intrinsic to the competi- 
tive achievement situation, does not. 
An appeal to some other motivational 
difference, e.g., in strength of n Affilia- 
tion, might also predict the difference 
in pattern of level of aspiration. 


Probability Preferences 


The present analysis is relevant to an- 
other domain of current research inter- 
est, that specifically concerned with the 
measurement of subjective probability 
and utility. Edwards (5, 6), for ex- 
ample, has reported probability prefer- 
ences among subjects offered alternative 
bets having the same expected value. 
We’ have repeated the Edwards type 
experiment (e.g., 6/6 of winning 30¢ 
versus 1/6 of winning $1.80) with sub- 
jects having high and low n Achieve- 
ment scores. The results show that per- 
sons high in Achievement more often 
prefer intermediate probabilities (4/6, 
3/6, 2/6) to extreme probabilities (6/6; 
5/6, 1/6) than do persons low in # 
Achievement. What is more, the same 
differential preference for intermediate 
tisk was shown by these same subjects 
when they were allowed to choose the 
distance from the target for their shots 
in a shuffleboard game. In other words, 
the incentive values of winning qua 
winning, and losing qua losing, presum- 
ably developed in achievement activities 
early in life, generalize to the gambling 

7 Atkinson, J. W., Bastian, J. R., Earl, 
R. W., and Litwin, G. H. The achievement 


motive, goal-setting, and probability prefer- 
ences (in preparation). 
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situation in which winning is really not 
contingent upon one’s own skill and 
competence. 


Social Mobility Aspirations 


Finally, the present model may illu- 
minate a number of-interesting research 
possibilities having to do with social and 
occupational mobility. The ranking of 
occupations according to their prestige 
in Western societies clearly suggests that 
occupations accorded greater prestige 
are also more difficult to attain. A 
serious effort to measure the perceived 
probability of being able to attain cer- 
tain levels on the occupational ladder 
should produce a high negative correla- 
tion with the usual ranking on prestige. 
If so, then the present model for level 
of aspiration, as well as its implications 
for persons who differ in achievement- 
related motives, can be applied to many 
of the sociological problems of mobility 
aspirations. A recent paper by Hyman 
(10) has laid the groundwork for such 
an analysis. 


SUMMARY 


A theoretical model is presented to 
explain how the motive to achieve and 
the motive to avoid failure influence be- 
havior in any situation where perform- 
ance is evaluated against some standard 
of excellence. A conception of motiva- 
tion in which strength of motivation is a 
joint multiplicative function of motive, 
expectancy (subjective probability), and 
incentive is offered to account for the 
selection of one task among alternatives 
which differ in difficulty (level of as- 
Piration), and also to account for per- 
formance level when only one task is 
presented. It is assumed that the in- 
centive value of success is a positive 
linear function of difficulty as inferred 
from the subjective probability of suc- 
cess; and negative incentive value of 
failure is assumed to be a negative linear 
function of difficulty. The major im- 


plications of the theory are (a) that 
performance level should be greatest 
when there is greatest uncertainty about 
the outcome, i.e., when subjective prob- 
ability of success is .50, whether the 
motive to achieve or the motive to 
avoid failure is stronger within an indi- 
vidual; but (b) that persons in whom 
the achievement motive is stronger 
should prefer intermediate risk, while 
persons in whom the motive to avoid 
failure is stronger should avoid inter- 
mediate risk, preferring instead either 
very easy and safe undertakings or ex- 
tremely difficult and speculative under- 
takings. Results of several experiments 
are cited, and the implications of the 
theoretical model for research on prob- 
ability preferences in gambling and 
studies of social mobility aspirations are 
briefly discussed. 
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For at least a decade now, the im- 
portance of secondary reinforcement has 
been increasingly emphasized by learn- 
ing theorists and by systematists in gen- 
eral. It is true that Spence (22) has re- 
cently revised his earlier position (21) 
in which this phenomenon played an 
important role. And McClelland (11) 
has for some time questioned its impor- 
tance because of its apparent instability. 
Nevertheless, secondary reinforcement is 
alluded to more and more frequently in 
the psychological literature; and an em- 
pirical demonstration of its reality and 
durability, if reality and durability it 
has, becomes correspondingly more de- 
sirable. 

The purpose of the present paper is 
to report a method whereby secondary 
reinforcement can be made extraordi- 
narily effective and stable. Some of the 
theoretical implications of this finding 
will also be briefly discussed. 


I. A Two-Stacr INTERMITTENT RE- 
INFORCEMENT PROCEDURE WHICH 
LEADS To POWERFUL SECONDARY 

REINFORCEMENT 


With the experimental procedure to 
be reported here, it has been found pos- 
sible to give a secondary reinforcer such 
strength that it could, if desired, be used 
as a class demonstration of the Law of 
Effect, much in the manner of such pri- 
mary reinforcers as food and water. 
The method whereby such stable sec- 


1 The author wishes to express his gratitude 
to Dr. O. H. Mowrer for offering many help- 
ful suggestions during the course of the re- 
search here reported and for reading and criti- 
cizing the manuscript. 


ondary reinforcement can be established 
is as follows: 

Training. A thirsty rat is put into a 
small (11 X 11 X 11-in.) box fitted with 
a motor-driven water delivery mecha- 
nism. After the animal becomes ha- 
bituated to the situation, a formerly 
neutral stimulus is given secondary rein- 
forcement potential in this way: A two- 
second buzzer, followed by operation of 
the water delivery dipper, is presented 
at approximately one-minute intervals. 
Buzzer presentations are programmed 
independently of the behavior of the 
animal, with the exception that the 
buzzer never sounds while the animal 
hovers over the water-delivery aperture. 

After the approach response has been 
firmly established, water reinforcements 
are omitted following the buzzer, at first 
on alternate presentations, then succes- 
sively in longer runs. The ratio of 
rewarded to nonrewarded presentations 
varies somewhat randomly, the mean 
number of reinforcement omissions, how- 
ever, moving upward. A 1:10 ratio is 
finally stabilized, with the longest single 
nonreinforced run being 1:14. What is 
involved here, then, is a variable ratio 
of water-rewarded to nonrewarded S7 
(secondary-reinforcement stimulus) pres- 
entations,? this ratio being gradually in- 
creased. During this training the vigor 
with which the animal leaps to the water 
delivery aperture following the buzzer 
does not lessen, in spite of the fact that 
the frequency of “pay off” is progres- 
sively decreasing. 

2 For convenience the following symbols will 
be used: S* for secondary reinforcer, SD for 
positive discriminative stimulus, Så for nega- 
tive discriminative stimulus. 
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During this type of training what 
happens is that the buzzer becomes a 
signal “that water may now be avail- 
able.” Water is received at no time ex- 
cept when the buzzer sounds, so the ani- 
mal soon learns to “pay attention” to 
the buzzer—as it were, to “jump at the 
chance” which it affords. But the buzzer 
is not a sure sign of water. 

Testing. Following the training pro- 
cedure just described, the buzzer is 
tested for its secondary reinforcing prop- 
erties by presenting it as a consequence 
of the rat’s pressing a small bar which 
is now available. The buzzer (S") alone 
is thus used to strengthen this response, 
no further water reinforcements being 
given. However, instead of having the 
buzzer invariably follow bar pressing, 
the procedure again involves intermit- 
tent reinforcement. Here various op- 
tions regarding the detailed procedure 
that may be used are open to the ex- 
perimenter. The one that produced the 
results shown in Fig. 1 went as fol- 
lows. On the first day of testing, the 
bar-pressing behavior was established by 
reinforcing (with the buzzer) the first 
six responses (segment A). Thereafter 
S* was given following a response only 
when at least a minute had elapsed since 
the preceding reinforcement (segment 
B). When the buzzer was discontinued 
entirely, a typical extinction perform- 
ance followed (segment C). Recondi- 
tioning, with secondary reinforcement 
only, was possible on a second day, 
without intervening primary reinforce- 
ment of the secondary reinforcer. Vari- 
ous fixed-ratio schedules have also given 
satisfactory results. 

A point to be stressed here is that the 
intermittent reinforcement schedules of 
the kind just suggested for use during 
the test period will increase response out- 
put provided that, on the basis of the 
` prior training procedure (involving in- 
termittent primary reinforcement), the 
secondary reinforcer itself has been 
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and extinction of a bar-pressing response 
which received only secondary reinforcement. 
The two lower curves are for the animal’s per- 
formance on Day 1; the three upper curves 
are for Day 2. From the origin to A, all re- 
Sponses were reinforced. From A to B, a 
one-minute fixed-interval schedule was used. 
Extinction began at B. At C (second day), 
the fixed-interval reinforcement schedule was 
resumed. Extinction began again at D. Each 


step rise in the curves represents one bar re- 
sponse, 


made “strong enough” to withstand a 
schedule of this kind. Tf S' is relatively 
weak, as in the usual sort of secondary 
reinforcement experiment, its effective- 
ness will wear out before any such 
schedule has a chance to operate. 

Thus, two kinds of intermittent rein- 
forcement are involved in the experi- 
mental procedure just described. One is 
Intermittent reinforcement in the estab- 
lishment of the secondary reinforcer, 
Le., intermittent association of primary 
reinforcement with the secondary rein- 
forcer. The other js intermittent ad- 
ministration of the secondary reinforcer 
itself, following the occurrence of the 
new response to be thereby strength- 
ened. This second intermittent pro- 
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cedure may follow any of various sched- 
ules, typical results for one of which 
are shown. 

The distinctive characteristics of the 
foregoing experimental procedure may 
be listed as follows: 

1. The secondary reinforcing stimu- 
lus, S", is discrete. That is, it is not, as 
in many studies, some fixed character- 
istic of the experimental situation which 
persists throughout time—such as a con- 
tinuous light in a Skinner box (4, 5), 
or the color of a runway goal box (16). 
In this respect it parallels a typical pri- 
mary reinforcing event, such as the ap- 
pearance (and disappearance) of a bit 
of food or water. The click of a food- 
delivery magazine, for a hungry rat, is 
a discrete event which may be presented 
anew following selected instances of a 
new response which is to be strength- 
ened. Moreover, the stimulus thus used 
has an independently observable effect 
on behavior before the test procedure 
begins. The sound of magazine op- 
eration, following bar pressing (in an 
ordinary Skinner box), releases food- 
approaching behavior. In the sime way 
the stimulus (buzzer) used in the pres- 
ent experiment leads to water-aperture 
approach during the training period, be- 
fore its secondary reinforcing properties 
are independently demonstrated. In the 
case of something such as the color of a 
goal box, no such initial control of be- 
havior is observed. 

2. During training, water never ap- 
pears without being preceded by S", but 
the appearance of S" does not insure the 
appearance of water. In this respect the 
Procedure is just the opposite of that 
used by Melching (12), where second- 
ary reinforcement implies primary rein- 
forcement but not the reverse. 

3. The intermittent-reinforcement Ta- 
tios used (both in the association of S" 
with water and the presentation of S% 
following the bar response) are rela- 
tively high. Most experimenters have 


used ratios of the order of 1:2 or 1:3. 
In this respect the present procedure dif- 
fers from that used by Saltzman (16) 
and Clayton (2), but is like that of 
Dinsmoor (4, 5). In order to achieve 
a high ratio of reinforcement, approxi- 
mation by successive steps appears to be 
essential. 

4. The reinforcing effect of S° is 
clearly exhibited in the behavior of an 
individual animal. The observed experi- 
mental effect is so large that it is not 
necessary to use statistical criteria to 
demonstrate its reality. The same clear- 
cut effect has been obtained over and 
over again, with many animals. 


II. How Doers INTERMITTENT REIN- 
FORCEMENT INCREASE RESISTANCE 
TO EXTINCTION? 


In the preceding section a method, 
admittedly rather complex, has been re- 
ported whereby highly stable and power- 
ful secondary reinforcement can be dem- 
onstrated. This method is successful 
because it makes the phenomenon in 
question unusually resistant to extinc- 
tion, and this end is achieved by the 
use of schedules of partial reinforce- 
ment. In order to get a better theoreti- 
cal grasp of what is involved here, it 
will be useful to review a part of the 
history of the partial-reinforcement pro- 
cedure. 

The notion that failure or adversity, if 
ultimately followed by success, strength- 
ens an individual’s “character” and ca- 
pacity to persevere is a very old one. 
The writer of the Book of James in the 
New Testament shows a clear apprecia- 
tion of it. And Jenkins and Stanley, in 
their 1950 review, have this to say: 


Partial reinforcement is such a ubiquitous 
phenomenon that one wonders why psycholo- 
gists for so long failed to examine its con- 
sequences. ... The animal trainer feeds his 
dogs only after several occurrences of the de- 
sired act, the clerk receives his check only once 
each month, the psychologist publishes his 
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findings only after prolonged endeavor, the 
gambler continues to bet despite an infrequent 
payoff, ad infinitum. Continuous reinforce- 
ment seems to be the exception, not the rule 
(10, p. 196). 


When Skinner (19), first, and then 
Humphreys (9) and others reported ex- 
perimental evidence on this score, their 
findings were more surprising theoreti- 
cally than empirically. And the reason, 
as Jenkins and Stanley note, was this: 


A straight S-R interpretation, that reward 
strengthens a response and omission of reward 
weakens it, would predict a weaker response 
with partial reinforcement than with 100% 
reinforcement in acquisition, performance, and 
extinction. The facts of Post-partial extinc- 
tion are clearly opposed to this Position [in 
one important respect] (10, p. 222). 


Numerous attempts have been made 
both to modify reinforcement theory so 
as to make it account for such findings 
and, by its Opponents, to discredit the 
theory. No systematic attempt will be 
made here to cite the resulting literature. 
Instead, the writer will sketch what 
seems to be the currently most justifi- 
able interpretation of this phenomenon. 

Following related suggestions by Skin- 
ner (19) and Humphreys (9), Mowrer 
and Jones (15) in 1945 advanced what 
they termed the “discrimination hy- 
pothesis” to account for the effects of 
partial reinforcement upon resistance to 
extinction. To quote: 


If, during acquisition, a response (conceived 
as a more or less isolated movement) occurs 
repeatedly but is rewarded only now and 
then, the transition from acquisition to ex- 
tinction will not be discriminated as sharply 
as if acquisition has involved reward for each 
and every response. With “faith” thus estab- 
lished that failure will ultimately be followed 
by success, “discouragement” is slower to set 
in (ergo, greater “resistance to extinction”) 
when there is a change in objective conditions 
from acquisition (occasional reward) to ex- 
tinction (no reward whatever) ... (15, p. 
309). 


Or, as formulated elsewhere, the no- 
tion would be that “. . . resistance to 
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extinction is greater following intermit- 
tent reinforcement because the subject 
has diffculty in discovering that the ex- 
tinction procedure is extinction, rather 
than just a continuation of positive 
training” (14). 

One may thus say that the greater re- 
sistance to extinction which occurs fol- 
lowing partial reinforcement is due to 
the fact that the subject is “fooled” or 
“tricked” into misperceiving as a con- 
tinuation of acquisition (ultimate reward 
likely) what is in reality extinction (no 
Possibility of reward). This type of 
thinking has received experimental con- 
firmation in a study reported by Bitter- 
man, Fedderson, and Tyler (1). How- 
ever, it is cast in a terminology that is 
frankly “cognitive” and needs, if pos- 
sible, to be translated into more objec- 
tive language. This, fortunately, is not 
difficult to do. 

Let us begin by considering the fol- 
lowing situation. A hungry rat is put 
into an experimental set-up in which 
each depression of a bar causes a pellet 
of food to appear in a nearby trough. 
After the bar-pressing response is well 
Stabilized, with 100% reinforcement, the 
procedure is altered so that bar pressing 
suddenly ceases to produce food until a 
minute has elapsed. As a result of 
making several “extinction,” i.e., unre- 
warded, responses, two things happen to 
the rat. Each unrewarded response leads 
to some decrement in response strength, 
but also—and for present purposes, more 
importantly—each unsuccessful response 
becomes an event which precedes the re- 
inforcement which is going to come at 
the end of the minute, For this state of 
affairs to obtain, it should be noted, the 
response strength must be great enough 
that the response will continue to occur 
from time to time throughout the mi- 
nute interval—that is to say, the shift 
from 100% reinforcement to less-than- 
100% reinforcement must not be so 
drastic that the response will completely 
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extinguish before the possibility of the 
next reinforcement is at hand. 

Another way of expressing this posi- 
tion is as follows. During 100% rein- 
forcement a number of stimulus events 
have been the occasion upon which food 
is received. These have included the 
stimuli arising from the bar and its vi- 
cinity, the proprioceptive consequences 
of mounting and beginning to press the 
bar, and, especially, the stimuli arising 
from eating the food pellet which was 
obtained on the just-previous press. 
During intermittent training, however, 
an additional element is added to this 
complex of stimuli which set the occa- 
sion for reinforcement—namely, the 
stimulus consequences of a number of 
previous bar-presses which have not 
been reinforced. It is not surprising, 
then, that this discrimination should 
continue to operate for some time into 
the extinction session. And, particu- 
larly, if many unreinforced bar presses 
have been experienced during acquisi- 
tion, it is quite reasonable to suppose 
that the discriminative control would 
hold up far into the extinction session 
before breaking down. 

This argument has been developed in 
greater detail by Skinner (20), who has 
shown that the form of the curves which 
are generated under different kinds of 
schedules, both during acquisition and 
during extinction, can be readily ac- 
counted for by such assumptions as 
these. 

Another important implication of the 
discrimination hypothesis, which has not 
often been taken into consideration by 
theorists in dealing with partial rein- 
forcement, should be stressed. The im- 
plication is this: Behavior will be main- 
tained without decrement under a par- 
ticular intermittent schedule only if the 
change from 100% reinforcement to 
less-than-100% reinforcement is gradual 
enough to maintain discriminative con- 
trol. For example, if an animal is 


switched from continuous reinforcement 
to a fixed ratio of 1:100, the response 
will extinguish. However, going up- 
ward in small steps—say from 1:1 to 
1:10 to 1:20, etc., and eventually to 
1:100, will maintain the performance. 

The implications of this well-substan- 
tiated empirical finding are rather far- 
reaching, especially when considered in 
relation to the usual kind of formula- 
tions of partial reinforcement and of 
probability learning. It would seem 
that frequency of reinforcement is not 
simply a parameter which has an or- 
derly relation to “habit strength” when- 
ever it is introduced into an experimen- 
tal session. Rather, the effects of given 
frequencies of reinforcement will depend 
critically upon the manner in which the 
intermittency is introduced into the ses- 
sion. At least this seems to be true for 
the free-responding situation. 

In other words, no generalizations can 
be made about given frequencies of re- 
inforcement, per se, without further 
specification of the initial and boundary 
conditions of the case. A curve show- 
ing “habit strength”? as a function of 
frequency of reinforcement would be 
meaningless, since a given frequency 
might or might not maintain perform- 
ance, depending upon the conditions un- 
der which it were approached. Introduc- 
tion of a frequency, that is to say, is not 
“independent of path” in the mathe- 
matical sense. 


III. INTERMITTENCY AND SECONDARY 
REINFORCEMENT 


As originally expressed by Hull, the 
principle of secondary reinforcement 
was simple and straightforward: A 
stimulus which occurs “consistently and 
repeatedly” in conjunction with a rein- 
forcing state of affairs acquires, itself, 
reinforcing potential. As will become 
clear in the next section, the simplicity 
of this principle is elusive; and certain 
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ammendments will be necessary in order 
to account for all the relevant data. 
Once again the paradigm of discrimina- 
tion will prove useful. 

Before pursuing this line of thinking, 
however, let us return to the secondary 
reinforcement procedure reported in the 
first section. 

In secondary reinforcement, we have 
seen, there are two kinds of “condition- 
ing” or “association” processes going on, 
namely: (a) association of the potential 
secondary reinforcer with primary rein- 
forcement; and (b) subsequent presen- 
tation of this secondary reinforcer as a 
consequence of some selected response. 
Theorists have not always clearly distin- 
guished between these two processes. 
Although drawing the distinction, Hull 
(8) stressed only the second and neg- 
lected the first. Whereas he offered 
much mathematical machinery in order 
to deal with the strength of S-R con- 
nections as a function of number of re- 
inforcements and other variables, Hull 
said relatively little about the manner 
in which the strength of secondary rein- 
forcers builds up and decays. Although 
a “repeated and consistent” association 
was held to be necessary, the form of the 
relationship here was not indicated with 
the same explicitness as in the case of 
other variables.* 


8 Another ambiguity, which may turn out 
to be of the highest importance, concerns the 
way in which the “strength” of a secondary 
reinforcer is to be measured. In one sense this 
“strength” might be presumed to vary along 
the same dimensions as does amount and 
quality of a reinforcing agent, that is, by lead- 
ing to a stronger habit when presented a given 
number of times as a consequence of respond- 
ing on the part of the animal. Another indi- 
cation of the potency of the secondary rein- 
forcer is the extent to which behavior can be 
established and maintained by its presentation 
in the absence of primary reinforcement, i.e., 
how long it lasts before wearing out. Subse- 
quent analysis may, in fact, indicate that varia- 
tion on this latter dimension may occur within 
wide limits, whereas there may be no variation 
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In the preceding section we have at- 
tempted to explain why intermittent rein- 
forcement of responses results in greater 
resistance to extinction. There remains, 
however, the problem of dealing with in- 
termittency in the association of S" with 
primary reinforcement (or in Hulls 
terms, a repeated but inconsistent as- 
sociation), which is something quite 
different. 

An example from human behavior may 
help to clarify this point. When the 
telephone rings, we are not always re- 
inforced for answering it. But when it 
rings, we predictably answer. This kind 
of intermittency of reinforcement is to 
be distinguished from that in which a 
given response occurs “spontaneously,” 
over and over again, and is only occa- 
sionally reinforced. Whereas much is 
known experimentally about the effect of 
intermittency in the case of nondiscrimi- 
native, freely occurring behavior, the ef- 
fects of intermittency in the case of dis- 
criminative behavior is only just begin- 
ning to be studied. As the research 
findings reported in this paper indicate, 
discriminative behavior, with intermit- 
tent reinforcement, can be maintained at 
high strength. But the upper limit of 
the ratio of reinforced to nonreinforced 
occasions which is here possible is prob- 
ably not so high as in the case where 
the responses occur freely (ratios as high 
as 1/100 or 1/1000, and even higher, 
have been reported), 

The intermittent secondary-reinforce- 
ment technique, as described above, is 
analogous. We are dealing with inter- 
mittent reinforcement of a response 
(running to the water aperture), but 
by the addition of a discriminative 
stimulus—the buzzer—we now have a 
situation in which the experimenter can 
reliably and predictably control the re- 
sponse by virtue of his ability to manipu- 


at all on the first dimension. Discussion in 
later sections should clarify this point. 
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late the buzzer presentations. The event 
then may be made a consequence of 
prior behavior on the part of the animal 
(bar pressing), and the experimenter 
can observe the effect on the frequency 
of this behavior. By using the variable 
ratio procedure, stability of behavior 
following the buzzer is insured. Long 
runs of S" occurrences with no water 
immediately forthcoming will have been 
encountered during training; and when 
extinction (a shift from occasional rein- 
forcement to no reinforcement) is be- 
gun, the change will not be very great. 
This point will be discussed in greater 
detail below, but we may anticipate it 
by saying that this specific response— 
approaching the water aperture—may 
itself be a critical event in determining 
the reinforcing properties of S". Any 
procedure which insures that this re- 
sponse “lasts longer” (remains under the 
discriminative control of the signal) dur- 
ing the later test procedure will then 
augment the secondary reinforcing po- 
tential of the signal. 

Granted that the secondary reinforcer 
will last for some time during the test 
session—that is to say, that it is “good 
for” a certain number of presentations 
following the desired new behavior— 
there is still the problem of maximizing 
the work output of the animal. It is 
here that the second intermittent pro- 
cedure—the familiar intermittent rein- 
forcement of a response (to which the 
discrimination hypothesis was originally 
designed to apply)—is employed. By 
presenting S" intermittently during the 
test session, the magnitude of the rein- 
forcing effect is increased in three ways. 
(a) S" presentations are stretched out 
over a longer period of time, and more 
work is required of the animal for each 
of the available S" presentations. (b) 
S" presentations tend to be distributed, 
rather than massed, and for this reason 


also the reinforcing effect may diminish. 


more slowly. (c) The resistance to ex- 


tinction of the new response is increased, 
so that when S" is itself withdrawn, the 
animal may nevertheless continue to per- 
form the new response for a considerable 
period of time thereafter. 

We are thus dealing with a controlling 
event, S", which is diminishing in po- 
tency at the same time that it is be- 
ing utilized. Each presentation of S" 
strengthens some behavior, and also leads 
to a decrement in its effectiveness on the 
next presentation. The problem is to 
use S" judiciously while it is effective. 
We might conceive of an experimenter 
with a supply of hypothetical food pel- 
lets which, by some magical means, 
grow smaller and smaller with each 
presentation to the animal, until they 
finally reach microscopic size, or disap- 
pear entirely. If the experimenter faces 
the problem of getting as much work out 
of the animal as possible, over as long 
a period of time as possible, an inter- 
mittent reinforcement procedure would 
clearly be in order. 


IV. SECONDARY REINFORCEMENT AND 
DISCRIMINATION FURTHER CONSID- 
ERED (THE DINSMOOR HYPOTHESIS) 


Following suggestions previously put 
forward by Schoenfeld, Antonitis, and 
Bersh (17), Dinsmoor (3) in 1950 ad- 
vanced the thesis that secondary rein- 
forcement and discrimination, in some 
kinds of situations, are identical—or, at 
least, that any stimulus which is a sec- 
ondary reinforcer also has cue proper- 
ties, and vice versa. The great im- 
portance of this thesis—and Dinsmoor 
reported experimental results which sub- 
stantially confirmed it—is only just be- 
ginning to be appreciated. One of the 
major implications is this: A stimulus 
which is “repeatedly and consistently” 
paired with primary reinforcement pre- 
sumably will noż acquire secondary re- 
inforcing properties unless, in addition, 
it has first played a discriminative role 
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of some kind, as a result of a differ- 
ential reinforcement procedure. 

On the basis of his experiment, Dins- 
moor concludes: 


It no longer seems to be necessary to pro- 
vide separate theoretical accounts of the man- 
ner in which a discriminative or reinforcing 
stimulus gains or loses the power to raise the 
rate of a response. The previous distinction 
between the two types of stimulus appears to 
be reduced to a distinction between two cate- 
gories of temporal schedule for the adminis- 
tration of the stimulus. This distinction is 
relevant chiefly to the determination of the 
distribution of the stimulus effects among the 
variety of responses in the organism’s reper- 
toire (3, p. 471). 


What Dinsmoor means by the latter 
remark, apparently, is this: If a stimu- 
lus appears before a response which re- 
ceives primary reinforcement (sets the 
occasion for a response), we call that 
stimulus a cue (SP); whereas, if the 
same stimulus is produced, not by the 
experimenter, but by some distinctive 
action on the part of the subject, we re- 
fer to it as a secondary reinforcer (S*) 
because it increases the likelihood of re- 
currence of this response. Said other- 
wise, a secondary Teinforcer is a cue 
which the subject himself provides, by 
means of his own behavior. And when 
a stimulus gains or loses one capacity, 
it at the same time gains or loses the 
other. 

The question now naturally arises as 
to how these considerations bear upon 
the so-called “discrimination” hypothe- 
sis previously discussed, in Section II. 
The relationship seems to be straight- 
forward and consistent. According to 
the Dinsmoor thesis, a secondary rein- 
forcer is a stimulus which enables the 
subject to discriminate between the con- 
ditions (S4) under which a particular 
response, if it occurs, will not be rein- 
forced and conditions (SP) under which 
this response will be reinforced. And 
the secondary reinforcement capacity of 
such a stimulus is shown by the fact 
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that the subject will learn to make a 
new response if that response produces 
the cue stimulus, SP, 

Now, in a partial-reinforcement train- 
ing procedure, a special condition is in- 
troduced. Here S4 (absence of S?) still 
means that the response in question will 
not “work”; ie., in the situation de- 
scribed in Section I, the rat never gets 
water as a result of going to the water 
aperture when the buzzer has not 
sounded. But there is this difference: 
although the buzzer is thus a cue—which 
must be responded to (lest water be 
available, but not discovered, as it were) 
—it is an inconsistent one. As has been 
mentioned above, this inconsistency of 
reinforcement does not diminish the dis- 
criminative control which is exerted by 
the stimulus. And because it has been 
thus intermittently reinforced during ac- 
quisition, the lack of reinforcement is, 
So to say, no novelty when it occurs dur- 
ing extinction. 


V. Is a SECONDARY REINFORCER MORE 
EFFECTIVE IF Ir “RELEASES” 
BEHAVIOR? 


The Dinsmoor hypothesis points to an 
equivalence between two functions of a 
stimulus which were formerly held to be 
separate. Although the results here are 
not as yet unequivocal, enough evidence 
now exists to justify the use of a dis- 
crimination training procedure whenever 
an effort is being made to give a stim- 
ulus secondary reinforcing properties. 
One may note these results, however, 
and still ask the question, Why? We 
must now examine briefly the possibility 
that the equivalence between discrimina- 
tive stimuli and secondary reinforcing 
stimuli may be derived from more basic 
principles. Three Possibilities suggest 
thentselves. 

1. In watching the behavior of the 
animals during the Procedure described 
in Section I, one is reminded of Guthrie’s 
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lastness-of-response hypothesis (7), or 
the postremity principle, as Voeks (24) 
has called it. Certainly a striking thing 
about the buzzer is the promptness and 
reliability with which it calls the sub- 
ject away from whatever else it is doing 
and causes it to go to the water aperture. 
And when the bar is made available and 
so connected that the subject, by de- 
pressing it, can produce the buzzer (at 
least intermittently), one might argue 
that the response is preserved, or “pro- 
tected.” That is, the buzzer guarantees 
that the last response made will be one 
of bar pressing, since the buzzer then 
comes on and “takes the subject out of 
the situation.” 

A similar interpretation of the effects 
of reinforcers (both primary and sec- 
ondary) has been suggested by Ver- 
planck (23), and Estes (6). Following 
this kind of thinking in connection with 
secondary reinforcement, it is easy to 
see why the Dinsmoor restriction—that 
S" must also be S>—would be essential. 
When, following training, the stimulus is 
presented as a consequence of a response, 
it will elicit the behavior which it has 
formerly controlled in its discriminative 
role—in the present context, approaching 
the magazine. This uniform behavior, 
as long as it lasts, will “take the animal 
out of the situation,” just as does a pri- 
mary reinforcer. The Dinsmoor hypoth- 
esis may, in the light of this interpreta- 
tion, be restated in somewhat stronger 
form: A stimulus will be effective as a 
secondary reinforcer for new behavior if 
and only if it has some response already 
conditioned to it. The secondary re- 
inforcer, that is to say, must predictably 
“release” some behavior as a result of a 
prior training procedure; and when it 
then is used to strengthen new behavior, 
it is this response which is “released,” 
not the stimulus gua stimulus which is 
the critical event. The question “How 
can secondary reinforcers be made to 
last longer?” may then be rephrased, 


“How can discriminative stimuli be 
made to retain control over uniform be- 
havior longer?” 

Whether such specific control is both 
necessary and sufficient for reinforce- 
ment is a question which only further 
research can answer. This position 
would seem to be demanded by strict 
contiguity theorists such as Guthrie. 

2. The former, weaker hypothesis— 
that discrimination is necessary, but not 
sufficient—could be readily assimilated 
by a variety of current theories of learn- 
ing. A position such as that of Spence 
(22) or Seward (18), for example, could 
hold that the effect of a stable maga- 
zine-approach response: depends upon 
r,’s which are consistently elicited and 
protected from extinguishing. 

3. Yet another possibility suggests it- 
self. Because the buzzer reliably elicits 
running to the water aperture, the pro- 
prioceptive and other feedback from 
this response also become effective and 
the range of stimulation received is 
thereby enlarged. Hence, when the sub- 
ject is later given an opportunity to 
press the bar, it is plausible to hold that 
there is now, so to say, a double course 
of secondary reinforcement: the buzzer 
(immediate feedback from bar pressing) 
and the stimulation produced by the be- 
havior which the buzzer releases (medi- 
ated feedback from bar pressing). Thus, 
to generalize, one might conclude that 
any procedure where S" is also an SP 
will result in more potent secondary re- 
inforcement because here there are more 
varied and more numerous stimuli pro- 
vided by the mediating behavior. Per- 
haps much the same effect could be 
achieved by having S" consist, not of a 
single, segmental stimulus change, but of 
several such stimuli. The latter might 
be more properly termed a change in the 
situation, thus being more nearly com- 
parable to the change brought about by 
the animal’s own response to S" and the 
resulting stimulus consequences. This 


382 Donatp W. ZIMMERMAN 


is, however, at best conjectural; and the 
whole question of precisely why a re- 
sponse to an S" makes it so much more 
efficient as a secondary reinforcer is still 
far from settled. 


VI. Summary AND CONCLUDING 
REMARKS 


Mowrer (13) has recently presented 
a theoretical interpretation of learning 
which depends critically upon the prin- 
ciple of secondary reinforcement. This 
theory is, in essence, a searching analy- 
sis and reformulation of the concept of 
habit, which is so ubiquitous in con- 
temporary learning theory, Secondary 
reinforcement, as an experimental para- 
digm, is used as a major explanatory 
principle. 

In the past, one of the disconcerting 
things about secondary reinforcement 
has been the extremely transitory and 
unstable nature of the demonstrated 
laboratory effect. One thing seems clear: 
a theory which leans so heavily upon 
this principle is doomed at the outset if 
the raw empirical phenomenon cannot 
be demonstrated in more potent form. 
Before using the paradigm as an ex- 
planatory device to account for (reduce 
to more basic principles) the most com- 
plex forms of mammalian behavior, there 
seems to be the anterior question as to 
whether, in fact, secondary reinforce- 
ment is real, qua phenomenon. Al- 
though experimental work within the last 
three decades has provided suggestive 
evidence, the results have been far from 
unequivocal. Actual experimental dem- 
onstration—such that a disinterested ob- 
server could view the animal in question 
and be convinced that “something is 
really happening”—has been lacking. 

It has been the purpose of this paper 
to discuss a method by which secondary 
reinforcement can be made highly effec- 
tive and stable, thus giving the needed 
empirical buttressing to the kind of 


theorizing cited. This method depends 
upon the use of intermittent reinforce- 
ment, thereby also further accenting the 
very great importance of the intermit- 
tent reinforcement technique for psycho- 


logical theory. 
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AN OPPONENT-PROCESS THEORY OF COLOR VISION 
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The two major theoretical accounts 
of color vision are those classified as 
the Young-Helmholtz and the Hering 
types of theories. For many years the 
former has been judged by most work- 
ers in the field to provide the simplest 
explanation of the way in which light 
stimuli give rise to color sensations. 
The advantages that appear to favor 
the Young-Helmholtz three-component 
hypothesis are two: it is parsimonious, 
and its postulates are easily quantifiable 
and hence subject to precise experimen- 
tal test. In its parsimonious and easily 
quantifiable form, the theory is simple: 
in addition to the rods which subserve 
twilight vision, the eye contains three 
kinds of cone photoreceptors; each type 
of cone contains a differently selective 
photochemical substance; each is asso- 
ciated with its own specific nerve fiber; 
and each cone-photochemical-nerve fiber 
system is correlated with one of the 
three specific “fundamental” color sen- 
sations, namely, red, green, and blue 
(or violet). All sensations are consid- 
ered as compounded of varying amounts 
of these three excitatory systems, with 
white arising from equal and simultane- 
ous excitation of all three, and yellow 
from equal red and green excitations, 

The Young-Helmholtz three-cone, 
three-nerve, three-sensation theory de- 
tives directly from the basic fact of 
color mixture, namely, that all visible 
hues can be matched by the mixture, 
in proper proportions, of only three 
physical light stimuli. Based squarely 
on this fact, the theory is readily quanti- 
fied in terms of the three measurable 
variables of color mixture experiments. 
But the three measured variables, it 
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must be emphasized, are the three 
physical light stimuli used in the color 
mixture experiments; they are not the 
postulated three “fundamental” color 
sensations, for with each different stimu- 
lus triad used for color matching a dif- 
ferent and equally valid triad of color 
mixture functions is obtained. Conse- 
quently, throughout some hundred years 
since the original formulation of the 
idea, a continued series of attempts has 
been made to find the proper transfor- 
mation of the three measured color- 
mixture curves that will bridge the gap 
and yield the unique spectral distribu- 
tion curves of the desired physiological 
Correlates of the three postulated “fun- 
damental” color sensations. An infinity 
of such transformations is available for 
trial, and almost every serious adherent 
of the theory has Proposed at least 
one new set of “fundamental sensation 
curves” (48, pp. 368-372). The search, 
however, continues, because serious de- 
fects have been found in every proposal 
made thus far. When the explanatory 
or predictive power of the theory in any 
Siven quantified form is tested it can- 
not handle more than a limited number 
of facts satisfactorily (11, p. 805). 
Moreover, some facts of color experi- 
ence seem unassimilable into the frame- 
work of the simple Young-Helmholtz 
theory with its three independent, funda- 
mental, process-sensation systems. How 
can this system of three independent 
Processes be made to account, for ex- 
ample, for the apparent linkages that 
seem to occur between Specific pairs of 
colors as either the stimulus conditions 
or the conditions of the human observer 
are varied? Why should the red and 
green hues in the spectrum predominate 
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at low stimulus levels, and the yellow 
and blue hue components increase con- 
comitantly as the spectrum is increased 
in luminance (43)? Why, as stimulus 
size is greatly decreased, should dis- 
crimination between yellow and blue 
hues become progressively worse than 
that between red and green (4, 10)? 
Why should the hues drop out in pairs 
in instances of congential color defect, 
or when the visual system is impaired 
by disease (29, 31)? On the other 
hand, since the sensation of white is 
granted no special physiological process 
in this parsimonious theory, but occurs 
as the fusion product of three equally 
large fundamental hue sensations, how 
account for the large degree of inde- 
pendence of white and chromatic quali- 
ties when the adaptation of the visual 
system is varied (37, 41)? 

As more and more ad hoc hypotheses 
are added to the original Young-Helm- 
holtz formulation in order to answer 
these and other problems forced by the 
increasing accumulation of experimental 
data, we naturally find the formulation 
becoming less and less precise and quan- 
tifiable, and obviously less parsimonious. 
We also find, however, that exactly 
those phenomena that require modifica- 
tion and extension of the simple “three- 
color theory” remind us more and more 
of its chief theoretical rival, the Hering 
theory of three paired, opponent color 
processes. 

In view of this situation, it seems 
highly desirable that we take a close 
second look at Hering’s alternative ap- 
proach to an understanding of color 
phenomena. The vast accumulation of 
psychophysical data for which any ade- 
quate theoretical proposal must account 
requires that the basic postulates of the 
theory, as outlined qualitatively by Her- 
ing (13, 14), be restated in quantitative 
terms for such a critical scrutiny to be 
most meaningful. This paper will re- 
view our attempt to provide such a 


quantitative restatement, and will sum- 
marize briefly some of the critical com- 
parisons between the theoretical de- 
ductions and relevant psychophysical 
data. (Detailed quantitative accounts 
are given in 21, 22, 23, 25, 26, 27.) 


Basic SCHEMA FOR THE 
HERING THEORY 


The Three Variables 


The Hering theory is like the Young- 
Helmholtz theory in that it, too, postu- 
lates three independent variables as the 
basis for color vision, but the Hering 
variables are three pairs of visual proc- 
esses directly associated with three pairs 
of unique sensory qualities. The two 
members of each pair are opponent, 
both in terms of the opposite nature of 
the assumed physiological processes and 
in terms of the mutually exclusive sen- 
sory qualities. These paired and op- 
ponent visual qualities are yellow-blue, 
red-green, and white-black. 

The basic schema for the opponent- 
colors mechanism is shown diagram- 
matically in Fig. 1. The three paired 
opponent response systems are labeled 
y-b, r-g, and w-bk. The convention of 
positive and negative signs is used to 


Responses 


Neural 


light mediating substance 


Basic schema for Hering opponent- 


Fic. 1. z 
colors mechanism. 
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indicate that each neural system is ca- 
pable of two modes of response that 
are physiologically opponent in nature, 
and that the paired sensory qualities 
correlated with these opposed modes of 
response are also mutually opponent or 
exclusive. That is, we may experience 
red-blues or green-blues but never yel- 
low-blues, and we see yellow-greens or 
blue-greens, but never red-greens, and 
so on. In the absence of any external 
visual stimulus, the state of the visual 
system is assumed to be a condition of 
active equilibrium, and this equilibrium 
condition is associated with the neutral, 
homeogeneous “gray”? sensation per- 
ceived after a long stay in complete 
darkness. This sensation is quite dif- 
ferent from the black experience of the 
white-black opponent pair. Blackness 
arises neither by direct light stimulation 
nor in the simple absence of light, but 
rather by way of either simultaneous or 
successive contrast during, or following, 


light stimulation of some part of the 
retina. 


Properties of Paired Systems 


The three pairs of visual response 
processes are independent of each other; 
that is, they have different response 
thresholds, they follow different laws of 
increase with increase in strength of 
stimulation, and probably have different 
time constants. The achromatic system 
is the most sensitive; that is, the amount 
of photochemical absorption necessary 
to excite the achromatic white response 
is less than the amount of photochemi- 
cal activity required to stimulate either 
the y-b or r-g chromatic pairs. This 
characteristic accounts for the existence 
of the so-called achromatic interval, i.e., 
the fact that spectral lines appear achro- 
matic at the absolute threshold for visi- 
bility (42, p. 167). Similarly, the red- 
green system has a lower threshold than 
the yellow-blue one. The failure of the 
yellow-blue system to respond at near- 


threshold levels that are sufficient to 
activate the red-green system exhibits 
itself in the facts of so-called “small 
field dichromasy,” in which the eye be- 
haves, with respect to stimuli that are 
very small in area as well as of low in- 
tensity, in a manner similar to the con- 
genital tritanope, i.e., a specific type of 
“color blind” individual for whom yel- 
low and blue discriminations are im- 
possible and the only hues seen are reds 
and greens (4, 49). 

With increase in level of stimulation 
the different paired systems also show 
differences in rate of response increase, 
such that the achromatic response in- 
crease is probably the most rapid of the 
three, with the result that at very high 
intensities all spectral stimuli show a 
strong whitening, or desaturation, rela- 
tive to their appearance at some inter- 
mediate luminance level (42, p. 168). 
Of the two chromatic pairs, the yel- 
low-blue system, although exhibiting a 
higher threshold, shows a more rapid 
rate of increase in response with increase 
in luminance than does the red-green 
system. Thus, the mixed hues of the 
spectrum—the violets, blue-greens, yel- 
low-greens, and the oranges—all vary 
systematically with increase in spectral 
luminance, and all show a tendency to 
be more blue or yellow, respectively, at 


high luminances, and more red or green - 


at the lower luminance levels (the 
Bezold-Briicke hue shift phenomenon). 

The opponent systems show a tend- 
ency toward restoring the balanced equi- 
librium condition associated with the 
neutral “gray” sensation. Thus excita- 
tion, say, of the + Process in the r-g 
system results in a decrease with time 
in 7 responsiveness, and in an increase 
in the responsiveness of the_opponent 
g Process. If we think of the r process 
as perhaps associated with the building 
up of an electrical potential in the 
neural system, and of the g process as 
associated with the Collapse of the po- 
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tential during impulse firing, then it is 
easy to see that as the neural potential 
is increased to higher values there will 
be a tendency to resist further build up, 
and also an increased disposition of the 
tissue toward impulse firing in order to 
restore the potential to its normal equi- 
librium value. Although we are not at 
all ready to ascribe a specific neural 
correlate of this sort to the postulated 
opponent processes at this time, the 
neurophysiological parallels are useful 
for conceptualizing the opponent-proc- 
ess notion as a real biological phenome- 
non. 

To return to our example, if the re- 
sponsiveness of the opponent g process 
tends to increase as 7 excitation is con- 
tinued, then when the r stimulus is re- 
moved we can expect g activity to be 
released, strongly at first, then more 
slowly, and ultimately fading out as 
equilibrium is again approached. The 
sensory correlate of this reversal of op- 
ponent activities with removal of stimu- 
lation is, of course, the familiar phe- 
nomenon of the complementary after- 
image. If the stimulus (of constant 
Magnitude) is not removed but con- 
tinues to act for a considerable length 
of time, then the r process, whose re- 
sponsiveness is being continuously de- 
creased, will eventually cease to respond 
further, and a new equilibrium state 
will be reached. The disappearance of 
a sensory response with continued con- 
stant stimtlation can be observed either 
by the Ganzfeld technique, in which the 
whole retina is uniformly illuminated by 
diffuse light (18), or by the “painted 
image” technique, in which optical 
means are used to fix a well defined 
image on the retina in such a way that 
its retinal position remains constant and 
independent of eye movements (39). 
By either method the eventual result 
of continued steady stimulation is a 
disappearance of the visual experience: 
the light seems to have gone out in the 


Ganzfeld situation, or, in the fixed- 
image situation, the perceived object 
simply fades out of view. 

Not only are the visual responses 
modified by changes in time in the ex- 
citabilities of the opponent processes, 
but they are also importantly affected 
by spatial interaction among the vari- 
ous elements of the visual field. Within 
certain limits there is evidence of sum- 
mation of similar kinds of activity in 
adjacent elements, as in threshold re- 
sponses for small stimulus areas (5, pp. 
846-852). But perhaps more impor- 
tant for the over-all functioning of the 
visual system are the antagonistic in- 
teractions, such that 7 activity in one 
area induces g activity in adjacent areas, 
and similarly for the yellow-blue and 
white-black paired response systems. 
These opponent spatial induction effects 
are evident in all the familiar color and 
brightness contrast phenomena (35, pp. 
138-142). They are probably also pri- 
marily responsible for the great visual- 
image clarity that characterizes vision 
in spite of the fact that the optical sys- 
tem of the eye is obviously imperfect, 
and that consequently the light image 
formed on the retinal surface lacks 
sharply defined boundaries (17, pp- 
151-159). The spatial interaction caus- 
ing intensification of opponent qualities 
at adjacent surfaces would seem an 
ideal crispening device to sharpen up 
the initially blurred retinal image. 


Photochemical Postulates 

In addition to the various temporal 
and spatial induction effects, which are 
assumed to be based in the neural 
visual-response tissue, visual adaptation 
probably also involves changes in the 
photochemical activities that initiate 
the neural responses, since a certain 
amount of photochemical bleaching is 
expected to occur with continued ex- 
posure of the photosensitive materials 
to a retinal light stimulus. In order 
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Neural Responses 


Photochemical Absorptions 


Neural Responses 


Photochemical Absorptions 


y-b =k, (B+y-2e) 
r-g =k, (aty-28) 
w-bk =k, (atytA)-kj(at pty) 
Fic. 2. Schematic diagram showing rela- 
tions between photosensitive materials a, £, 


and and neural opponent response processes 
y-b, r-g, and w-bk. 


for the three paired opponent-response 
systems to be selectively stimulated, 
there must, of course, be more than one 
substance available for photochemical 
mediation between the incident light 
and the neural excitation. Whatever 
the specific nature of the photosensitive 
materials, they must form a link in the 
System of three independent variables, 


and hence we have postulated three 
independent photosensitive materials, 
which we may call «æ, 8 and y. 

Our schematic model now takes the 
form shown in Fig. 2A or 2B. The 
three independent photosensitive mate- 
rials may be contained in discrete reti- 
nal units with complex interconnections 
to the neural response systems, as shown 
in Fig. 2A, or two or more of these 
materials may be combined in receptor 
units having simpler connections to the 
neural response systems, as diagrammed 
in Fig. 2B. There is no way of dif- 
ferentiating these models in terms of 
visual behavior; and however the three 
photochemicals may be segregated or 
combined in the retina, and whatever 
the number of different photoreceptor 
units, there remain only three independ- 
ent photosensitive materials, and the 
theory remains a three-variable, op- 
ponent-colors schema. 


QUANTIFICATION OF OPPONENTS 
THEORY 


Since our aim is to present this 
schema in quantitative terms, one of 
the first questions that has to be asked 
is this: Is it possible to obtain by psy- 
chophysical experiment direct measure- 
ments of the spectral distributions of 
the three basic response variables of 
the Hering theory? 


Measures of Achromatic and Chromatic 
Responses 


It can fairly be assumed that the 
achromatic, white response is closely 
connected with the distribution of the 
brightness quality throughout the visible 
spectrum, and Fig. 3 therefore shows 
two functions (which we have measured 
by a threshold technique) that give the 
whiteness distribution of an equal en- 
ergy spectrum for two observers (20)- 
The induced rather than directly stimu- 
lated black component of the achro- 
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Fic. 3. Whiteness distribution of an equal en- 
ergy spectrum for two observers. 


matic white-black response pair has this 
same distribution, but of opposite sign, 
since the strength of the black contrast 
response is directly related to the mag- 
nitude of either the surrounding or the 
preceding whiteness or brightness. 

A method for determining the spectral 
distributions of the paired chromatic re- 
sponses is implicit in the opponents the- 
ory itself. Since the two members of 
each hue pair are mutually opponent or 
exclusive, then a yellow response of 
Siven strength should be exactly can- 
celed by a stimulus that, taken alone, 
elicits the same magnitude of blue re- 
Sponse, and a similar relation should 
hold between red and green responses. 
Thus a null method, based on the an- 
tagonism of the two members of each 
hue pair, can be used to measure the 
spectral distributions of the chromatic 
responses. In brief, a wave length is 
first selected that evokes, say, a blue hue 
response. The observer then views, in 
turn, a series of spectral wave lengths 
that appear yellowish in hue (yellow- 
greens, yellow, and yellow-reds). To 
each of these yellow stimuli just enough 
of the previously selected blue stimulus 
is then added exactly to cancel the yel- 
low hue without introducing any blue- 
ness. The observer simply reports when 
the test field appears neither yellow nor 
blue; the hue remainder that he sees 
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may be green, neutral, or red, depend- 
ing on the test wave length. Knowing 
the energies of the series of spectral 
yellow stimuli, and having determined 
experimentally the energy of the blue 
stimulus of fixed wave length that is re- 
quired for the hue cancellation in each 
case, we can now plot the distribution 
of the relative magnitudes of yellow hue 
response evoked by the various test 
wave lengths. The procedure is simply 
reversed to obtain the distribution of 
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Fic. 4A and 4B. Chromatic and achromatic 
response functions for equal energy spectrum 
for two observers. 
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the blue component of the yellow-blue 
pair; that is, varying amounts of a fixed 
wave length of yellow hue are used to 
cancel the blue hue quality of a series 
of “blue” test wave lengths. By using 
a red stimulus of fixed wave length and 
variable energy to cancel the greens, 
and a green stimulus to cancel the reds, 
the spectral distribution of the red- 
green pair of chromatic responses is 
similarly determined. 

Two sets of paired chromatic response 
vs. wave length functions that were 
measured in this way (25), together 
with the achromatic spectral functions 
shown in Fig. 3, are plotted in Fig. 4 
for an equal energy spectrum. The op- 
ponent members of each hue pair have 
been given arbitrary positive and nega- 
tive designations, to correspond with 
their opponent characteristics, Thus 
the positive values of the red-green 
function indicate redness, and the nega- 
tive values greenness. Similarly, the 
Positive values of the yellow-blue func- 
tion indicate yellowness, and the nega- 
tive values blueness. 

These are the psychophysical func- 
tions that represent the spectral dis- 
tributions of the three independent 
variables of the Hering opponent-colors 
theory for these two observers. They 
are assumed to be directly correlated 
with the response activity of the visual 
nervous tissue (retina, optic nerve, and 
visual centers), and should not be taken 
as photochemical absorption spectra, 
about which these data tell us nothing. 


Brightness, Hue, and Saturation 


The psychophysical opponent-response 
functions shown in Fig. 4 provide a di- 
rect description of the appearance of 
the spectrum, for these observers, for a 
neutral condition of bright adaptation 
and at the moderate level of luminance 
for which the functions were obtained. 
Thus, all wave lengths evoke some 
whiteness as well as hue; the whiteness 


and brightness of an equal energy spec- 
trum is relatively small at the two spec- 
tral extremes and relatively high at the 
intermediate wave lengths. 

The short wave lengths appear as 
red-blue hues (violets); there is a nar- 
row band of pure or unique blue where 
the red-green function is equal to zero; 
then come the blue-greens, followed by 
a narrow band of unique green at the 


« Wave length where the yellow-blue func- 


tion is equal to zero; this is followed 
by the yellow-greens, and then pure 
yellow occurs at the second intersection 
of the red-green function with the zero 
ordinate value; and finally the yellow- 
red hues appear in the long wave length 
region (19). A quantitative expression 
for hue, a “hue Coefficient,” can be ob- 
tained by taking the yalue of one of 
the chromatic responses, say, the yellow 
value at 550 my, relative to the total of 
all chromatic responses at that wave 
length, in this case, yellow plus green. 

The saturation of the color depends 
on the relative amounts of chromatic 
and achromatic responses. At the two 
spectral extremes where the chromatic 
responses are large relative to the white 
response, the spectral saturation is high. 
Where the reverse is true, spectral satu- 
ration is low. This can be expressed 
quantitatively in the form of a “satura- 
tion coefficient.” To use the same ex- 
ample, the total of the yellow-plus-green 
values relative to thé white plus yellow 
plus green is relatively low at 550 mp, 
and this wave length appears much less 


saturated than does, say, either 440 mp 
or 670 mp. 


Color Mixture 


Since color-mixture experiments sim- 
ply involve matching the three per- 
ceived qualities evoked by one stimulus 
by the proper mixture of three other 
stimuli, it is possible to determine the 
color-mixture relations that are inher- 
ent in the response curves of Fig. 4 for 


any three arbitrarily selected mixture 
primaries. That is, the red-green value, 
the yellow-blue value and the white 
value of the total visual response to any 
wave length of unit energy are matched 
by the totals of the three corresponding 
values for the three mixture primaries 
when the latter stimuli are combined in 
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the proper ratios. On paper, the color 
equations for most spectral matches re- 
quire the admission of negative values 
for one of the mixture primaries. In 
actual color-mixture experiments, these 
negative values are realized by remov- 
ing one of the mixture primaries from 
the matching field and adding it to the 
test stimulus. 

To calculate, for example, the amounts 
of energy required for a color match to 
a given wave length A by the mixture of 
the spectral primaries 460 mp, 530 mp 
and 650 mp, let a = the energy at 460 
mp, b = the energy at 530 mp, and c = 
the energy at 650 mz. The three equa- 
tions to be solved for these three un- 
knowns a, b, and c are then: 


@(r460) + b( 7530) + cCros) = ra 
@(ys60) + B(y500) + cly) = Yr 
a(waso) + b (wss) + c(weso) = Wa 


The values for r (or for —7 when the re- 
Sponse function is negative, indicating 
that the hue is green rather than red), 
for y (or for —y when the response is 
blue rather than yellow), and for w are 
then read from the response functions for 
unit energy for each wave length in ques- 
tion. (See Fig. 4.) The values 7, ya 
and wy represent the unit energy response 
values for any spectral wave length for 
which a color-mixture equation is to be 
calculated. Solving this set of three 
equations for the three unknowns a, b, 
and c, we then have a color-mixture equa- 
tion of the form 


asso + bso + Coso = 1a 


This equation, which is expressed in en- 
ergy units, may be converted to photo- 


for observers H and J and experimental color 
mixture functions for observers T and W (24, 
47). 


metric units in the usual way by multi- 
plying each energy value by the relative 
luminosity (given by the achromatic 
response function) at the given wave 
length. 

Color-mixture relations calculated in 
this manner for wave lengths A from 
420 mp through 700 mp from smoothed 
visual response data for two observers 
are shown in Fig. 5. The two addi- 
tional sets of color-mixture functions 
(for the same three mixture primaries) 
that are shown for comparison in the 
figure are the results of actual color- 
mixture experiments by W. D. Wright 
and L. C. Thomson (24, 47). 

Since the relations between the meas- 
ured response functions and the color- 
mixture data are, as we have just seen, 
known for two individual observers, it 
is now also possible (by assuming 
specific spectral loci for the unique 
hues) to reverse the procedure and 
derive opponent-response functions from 
the color-mixture data for Wright and 
Thomson, or for any other observer 
whose color-mixture data are available. 
Since it seems preferable to develop a 
general theoretical model on the basis 
of a representative average, rather than 
a small number of individual observers, 
we have used for the model chromatic 
and achromatic response functions de- 
rived from the average color-mixture 
data for the CIE international standard 
observer (30). These derived functions 
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are shown in Fig. 6- (The details of 
the derivation are given in 22.) They 

of course, smoother and more regu- 
net a the individual, measured func- 
coos but in other respects they are 
quite similar (compare Fig. 4). 


Photochemical Distributions 


The specific set of a, 8, and y photo- 
sensitive absorption functions that have 
been assumed for the theoretical model 
are shown in Fig. 7. These curves have 
not been measured, and they have the 
particular forms shown and the high de- 
gree of overlap exhibited because of the 
specific interrelations that we have pos- 
tulated a priori between the photo- 
chemical events and the neural re- 
sponse activities of the visual opponent 
mechanisms. Once the photopigments 
actually present in the human retina 
have been identified by the biochemists, 
the visual theorist will have no need to 
make such a priori postulates, and the 
specific interrelations required between 
the identified photosensitive materials 
and the neural processes underlying the 
color responses can easily be deduced. 
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Fic. 6. Theoretical chromatic and achro- 
matic response functions for equal energy spec- 
trum for CIE average observer. 
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As matters now stand, however, the 
functions shown in Fig. 7 meet the 
basic demands of the known facts, and 
any changes in these theoretical absorp- 
tion functions that will no doubt be re- 
quired by results of photochemical re- 
searches will not importantly affect any 
of the basic postulates of the theoretical 
model. The broadness and similarity of 
shape of all three selective functions 
that we have assumed are characteristic 
of all visual pigments so far identified 
in a variety of animal species (2). 
These assumed photopigment distribu- 
tions do not enter into the consideration 
of color phenomena, in normal vision, 
until we come to an examination of 
some of the phenomena of chromatic 
adaptation in which selective photo- 
chemical bleaching seems to act as one 
of the important determinants. The 
other determinants are, of course, the 
spatial and temporal induction effects 
in the neural opponent response proc- 
esses that have been mentioned earlier. 


Dependence of Hue and Saturation on 
Both Wave Length and Luminance 


What are the visual phenomena for 
which the model can account? As we 
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have already indicated, the measured 
chromatic and achromatic response func- 
tions provide a direct and quantifiable 
description of the color sensations evoked 
by any stimulus of specified wave-length 
composition (23). The achromatic, 
white function is taken as a direct ex- 
pression of spectral brightness. Spectral 
hue, which is determined by the chro- 
matic responses evoked by each wave 
length, can also be expressed quantita- 
tively as a coefficient value relating the 
magnitude of response of one chromatic 
system to the total of all chromatic re- 
sponses at that wave length. An exam- 
ple of such a hue coefficient function for 
a moderate level of luminance is shown 
in Fig. 8. It is clear, from the varying 
rate of change in the hue coefficient 
function from one region of the spec- 
trum to the next, that an observer's 
ability to discriminate among neighbor- 
ing wave lengths on the basis of hue 
changes alone will also differ for the 
different regions of the spectrum. This 
discriminative capacity is obviously also 
quantifiable in terms of the amount of 
wave-length change required to elicit a 
threshold change of fixed amount in the 
value of the hue coefficient. With 
change in the luminance at which the 
spectrum is presented, these coefficient 
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functions will be altered, in the sense 
that the yellow-blue values will increase 
at the higher luminances, and will be 
diminished at the lower luminances. 
This is so because, in accordance with 
the different energy-vs.-response func- 
tion postulated for the yellow-blue sys- 
tem as compared with the red-green 
one, as the excitation level is increased, 
the yellow and blue spectral responses 
will be uniformly magnified relative to 
the red and green ones at the higher 
levels, and uniformly diminished at the 
lower levels. Although the exact dif- 
ferential between the two paired sys- 
tems is not known, under certain cir- 
cumstances an over-all difference in re- 
sponse magnitudes of approximately 20 
per cent seems to occur for a log unit 
change in luminance. Thus, at some 
wave length for which, say, the red and 
yellow responses are equal at a lumi- 
nance of 10 mL, the yellow will be 
about 20% greater than the red at 100 
mL, and about 20% less at a luminance 
of only 1 mL. If we assume this 20% 
differential between y-b and r-g re- 
sponse magnitudes per log unit of lumi- 
nance change as a reasonable value, and 
compute the spectral hue coefficients for 
a range of approximately three log units 
of luminance variation, then we can 
specify the amount of hue shift associ- 
ated with a change in intensity of any 
wave length. Conversely, we can also 
specify the wave length changes neces- 
sary to maintain a constant hue sensa- 
tion (constant hue coefficient value) as 
the luminance is increased or decreased. 
The latter procedure has been used to 
obtain the functions shown in Fig. 9, 
and the curves in the upper part of the 
figure are functions measured by Purdy 
in an actual experiment of this sort 
(38). 

These hue phenomena do not involve 
the achromatic response pair at all, and 
depend only on the two paired chro- 
matic response systems. Whatever the 
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chromatic response to a given stimulus, 
the perceived color saturation clearly 
will also depend on the extent to which 
the white system is simultaneously re- 
sponding. For any given amount of 
chromatic response, the color will obvi- 
ously appear less saturated if there is a 
large magnitude of white response to 
dilute the color, and more saturated if 
the white component of the total re- 
sponse is relatively small. The per- 
ceived saturation of the spectrum is 
also expressed as a quantitative coeffi- 
cient function. (See Fig. 10.) Here 
the value taken as the saturation coeffi- 
cient is the ratio of the total chromatic 
to the chromatic-plus-white responses at 
each wave length. The relatively high 
values at the spectral extremes and the 
minimal value in the pure yellow region 
are perfectly consistent both with quali- 
tative reports and with the experimental 
data on this problem (e.g., 28). Again, 
as in the hue functions, the rate of 
change of the saturation coefficient from 
one spectral region to the next is in- 
dicative of a varying discriminative ca- 
pacity with respect to wave length; 
and, again, the form of the function as 
shown applies to a moderate luminance 
level and varies in a determinable man- 
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Fic. 9. Constant hue contours as measured by 
Purdy (38) and as predicted by theory. 
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ner with change in the level of excita- 
tion in accordance with the different 
energy-vs.-response rates of the three 
independent response systems. 

In view of the variations in the hue 
and saturation functions with change in 
luminance, we should expect that dis- 
crimination functions that depend on 
changes in these two color attributes, 
such as discrimination of one wave 
length from the next in an equal bright- 
ness spectrum, would also reflect such 
a dependence on luminance. Figure 11 
shows, in the upper half, a set of wave- 
length discrimination functions obtained 
at two luminance levels by Weale (45)- 
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f Wave-length discrimination func- 
tions for two luminance levels as measured by 
Weale (45) and as predicted by theory. 


Å 


OppoNENT-Process THEORY OF COLOR VISION 395 


The higher values of difference threshold 
obtained at the low luminance level may 
be explained by a general reduction of 
discriminative capacity in dim light. 
The shift of the midspectral maximum 
toward lower wave lengths, and the 
relatively greater heightening of the 
minimum in the yellow region, cannot, 
however, be attributed to such a gen- 
eralized reduction in discriminatory ca- 
pacity. The selectively greater loss in 
yellow and blue responses at the low- 
luminance level that is one of the pos- 
tulates of our model does, however, ac- 
count for changes of exactly this sort in 
the form of the function. This is shown 
by the two theoretical functions com- 
puted from pairs of spectral hue and 
saturation functions that are associated 
with the two specified luminance levels. 
Since brightness is kept constant in such 
experiments, only the hue and satura- 
tion variables need be considered in our 
analysis of these functions (22). 


Chromatic Adaptation 


The phenomena that we have treated 
thus far all refer to the individual with 
normal color vision in a neutral state of 
adaptation. What of his color percep- 
tion after the visual system has been 
exposed for some time to a strongly 
colored illuminant? For analytical pur- 
poses, the simplest situation of this sort 
is the one in which the eye has been 
exposed to a large surround field of 
given color and luminance, and the test 
stimuli are viewed at the same level of 
luminance as the surround. Under these 
circumstances, the three photochemical 
receptor substances will probably have 
undergone some selective bleaching, and 
because of the similar brightness of the 
surround and test fields, spatial induc- 
tion effects in the neural response proc- 
esses will probably be fairly constant. 
To simplify the treatment for these par- 
ticular conditions, therefore, we may 
ignore the constant neural inductions 


and consider the photosensitive changes 
as exercising a controlling influence on 
the response systems. 

We know that under these circum- 
stances the color-mixture data do not 
change. That is, with uniform chro- 
matic adaptation, any change in the 
perceived color of one side of a bipartite 
color-mixture field will also occur on 
the other side, and to exactly the same 
extent. Thus a color equation that has 
been made with the eye adapted to a 
neutral white light will also be a valid 
equation when the eye is adapted to a 
colored illuminant (15). These impor- 
tant constancies of color equations mean 
that whatever photochemical changes 
occur with adaptation must occur in a 
very specific way. That is, the spectral 
distribution functions representing the 
three selective photochemicals may be 
selectively multiplied or reduced by a 
constant factor, but no one of them can 
change its form (44, pp. 211-212). In 
other words, any single substance can- 
not lose a greater percentage of its ab- 
sorption at one wave length than it loses 
at another wave length. Thus, exposure 
to a colored light can cause any one of 
the postulated photochemical functions 
shown in Fig. 7 to be multiplied or di- 
vided by a constant amount, but this is 
the only alteration in the photosensitive 
functions that is consistent with the fact 
that color equations are invariant with 
chromatic adaptation. 

The extent to which the three sub- 
stances are selectively attenuated as a 
result of exposure to colored light is 
clearly controlled by the light stimulus 
itself. That substance which initially 
absorbs most of the adapting light will 
suffer the greatest relative bleaching, 
and the substance which absorbs rela- 
tively little of the adapting light will 
be relatively little affected by it. Thus, 
by determining their relative absorp- 
tions of the adapting light, we can com- 
pute the relative changes in the heights. 
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of the photosensitive distribution func- 
tions for the three photopigments that 
we have postulated. Since the excita- 
tions of the opponent response systems 
depend on these photochemical light 
absorptions (see Fig. 2), we can now 
also determine the forms and magni- 
tudes of the chromatic and achromatic 
response functions for the new condi- 
tion of adaptation. In spite of the 
close overlap of the photosensitive func- 
tions that we have postulated, the 
“adapted” chromatic response functions 
determined in this way change in strik- 
ing fashion relative to the functions for 
the neutral adaptation condition. The 
achromatic function changes too, but 
relatively very little. These theoreti- 
cally computed adaptation changes are 
consistent with the kinds of change 
known to occur in situations of this 
sort. If the eye that has been adapted 
to white light is exposed for some time 
to a saturated red equal in brightness 
to the white, the normally red end of 
the spectrum does not become exces- 
sively dark, but the amount of redness 
seen is strongly reduced, and the greens 
become greatly supersaturated (3, pp. 
133-137). Also, the wave length that 
formerly appeared pure yellow is now 
strongly greenish, and this is also true 
for the wave length that formerly ap- 
peared pure blue. These changes can 
be determined from the functions shown 
in Fig. 12 that have been computed for 
a given red adaptation, in comparison 
with the functions for the neutral state 
that were given in Fig. 6. 

From this new set of “adapted” op- 
ponent response functions the hue and 
saturation coefficients and the discrimi- 
nation data for this new state can also 
now be determined (26). 

These “adapted” response functions 
are specified, as we said above, for 
a circumscribed set of conditions for 
which the photochemical adaptation 
changes could be taken as primary. As 
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Fic. 12. Chromatic and achromatic visual 
response functions for red adaptation as pre- 
dicted by theory. 


soon as the relative luminance condi- 
tions are altered, however, then the 
neural inductions enter importantly into 
the complex picture. For example, if 
a test stimulus seen within a strongly 
colored (say, red) surround looks neu- 
tral when its luminance is the same as 
that of the surround, then it will prob- 
ably appear somewhat reddish at a 
higher luminance, and the complemen- 
tary green at a lower luminance (12). 
(The test stimulus is assumed also to 
be of predominantly long wave length 
composition.) In terms of opponent in- 
ductions this phenomenon is readily un- 
derstood. If the red process excited by 
the red surround induces an opponent 
green process in the test area, then at 
an intermediate luminance this green 
induction is just strong enough to cancel 
the red-process activity aroused by the 
test stimulus itself. When the test 
stimulus is made brighter and the red 
response to it increases, the unchanged 
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green’ induction from the surround be- 
comes inadequate to cancel completely 
the increased red response to the stronger 
test stimulus, and the red test hue is 
now seen. At a much lower luminance 
of test stimulus, the red process is ac- 
tivated to a much lesser extent, and 
the green induction from the surround, 
which is still unchanged in strength, is 
now sufficient to impart a green hue to 
the perceived test area. These phe- 
nomena are not only consistent with the 
opponent induction postulate, but they 
also make it clear why attempts to treat 
the problem of chromatic adaptation ex- 
clusively as a matter of photochemi- 
cal bleaching are foredoomed to failure 
(e.g., 1, 33). 


Color Anomalies and Color Blindness 


When we come to consider individu- 
als who do not have normal color vision 
we find that their color vision can de- 
part from the normal in two general 
ways. Their color perceptions may be 
distorted relative to the normal, or they 
may exhibit specific color weaknesses or 
losses. Also, they may show both types 
of these deviant characteristics at the 
same time. By distorted color percep- 
tions we mean, for example, the percep- 
tions of the particular type of anomalous 
individual who has the following char- 
acteristics: he sees a distinct orange in 
the spectral region described normally 
as pure yellow or nearly so; he needs 
three stimuli for color mixture; he 
makes color matches with high pre- 
cision but uses quite different propor- 
tions of the mixture stimuli than does 
the normal observer. An individual of 
this type does not seem to have lost 
any of the efficiency of his neural visual 
response processes, and it seems reason- 
able to assume that his color distortions 
have their basis in the photochemical 
Complex responsible for selective light 
absorption. 

The particular assumptions that we 


have made concerning the kinds of de- 
viation that the photosensitive mate- 
rials may exhibit stem from a generali- 
zation made by Dartnall (2), on the 
basis of his researches concerned with 
the identification of visual photopig- 
ments in a variety of lower organisms. 
Dartnall has found that when the ab- 
sorption curves of the various visual 
pigments are plotted as a function of 
the vibration frequency of the incident 
light (the reciprocal of the more usual 
wave-length specification), all the ab- 
sorption curves have very nearly the 
same shape, and they can be made to 
coincide simply by shifting the curves 
so that they all reach an absorption 
maximum at the same frequency. In 
other words, a single template repre- 
senting amount of absorption as ordi- 
nate, against frequency of radiant en- 
ergy as abscissa, can be used to fit the 
absorption function of any visual pig- 
ment, whatever the locus of its absorp- 
tion maximum. It seems reasonable to 
expect that this same generalization will 
apply to the photosensitive distributions 
of anomalous individuals with respect 
to the population of observers with nor- 
mal color responses. We have conse- 
quently assumed that, in congenital ab- 
normalities of the visual system, the nor- 
mal photopigments can undergo changes 
that result in a uniform shift of the 
entire set of photosensitive distribution 
functions as a group along the fre- 
quency scale. These shifts are assumed 
to occur in either of two directions: to- 
ward higher frequencies (shorter wave 
lengths) resulting in the type of anoma- 
lous color vision identified as prota- 
nomaly, or toward lower frequencies 
(longer wave lengths) relative to the 
normal absorption loci, resulting in the 
second major type of anomalous color 
vision known as deuteranomaly. The 
amount of these displacements may also 
vary in different degrees of congenital 
anomaly. 
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Since the absorption of light by the 
photosensitive materials provides the 
stimulus for the neural chromatic and 
achromatic response systems, the visual 
response functions thus controlled by 
the deviant photosensitive materials will 
necessarily be altered, too, and in a sys- 
tematic manner. Examples of theoreti- 
cally derived anomalous response func- 
tions based on these assumptions are 
given in Fig. 13. The set of functions 
in the center block are those for the ob- 
server with normal photosensitive ma- 
terials; those in the upper block are for 
a protanomalous type whose visual pig- 
ment absorptions are assumed to be 
shifted toward the shorter wave lengths 
by an amount equal to about 15 mp 
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Fic. 13. Theoretical chromatic and achro- 
matic response functions for equal energy 
spectrum, For observers with protanomalous, 
normal, and deuteranomalous photoreceptor 
systems and with normal strength visual re- 
sponse processes. 
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from the normal peak of about 550 mpy. 
This type of individual will have a 
luminosity function (described by the 
achromatic, white response function) 
that peaks at a shorter wave length 
than the normal and will show consid- 
erable loss of luminosity at the red end 
of the spectrum (48, Ch. 25). The 
spectral hues will also be altered, with 
a distinctly reddish yellow occurring 
where the normal individual sees a 
unique or pure yellow, whereas the 
protanomalous observer’s pure yellow 
occurs at a wave length described by 
the normal as quite greenish. In making 
color matches, such as a match between 
589 mp on one side of a bipartite field 
and a mixture of 530 my and 670 mp 
on the other, this observer will require 
a much greater proportion of 670 mp in 
the mixture than will the average ob- 
server with normal color vision (27, 46). 
This particular match, the Rayleigh 
equation, is the earliest and best known 
diagnostic test for anomalous color vi- 
sion. In this same test, the anomalous 
individual whose response functions are 
shown in the lower block in Fig. 13 will 
deviate from the normal in the opposite 
way; that is, he will require a much 
greater proportion of 530 mp. in the 
mixture for the Rayleigh equation (46). 
This type of anomalous individual (deu- 
teranomalous) is assumed to have pho- 
topigment absorptions that are shifted 
toward the longer wave lengths, and he 
will see greenish-yellows where the nor- 
mal sees yellow, yellows where the nor- 
mal sees Orange, etc. Since the neural 
response processes of both types of 
anomalies of this sort are assumed to 
be operating at the normal efficiency, 
these individuals will show high pre- 
cision in making their distorted color 
matches, and their discriminatory ca- 
Pacities will also be good. As a matter 
of fact, anomalous individuals of this 
sort have understandably high confi- 
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Fic. 14. Theoretical chromatic and achro- 
matic response functions for equal energy 
spectrum, For observers with protanomalous, 
normal, and deuteranomalous photoreceptor 
systems, and with impaired red-green response 
Processes. 


dence in their own color capability, and 
they are extremely resistant toward ac- 
cepting the results of diagnostic tests 
which indicate that their visual capaci- 
ties are deviant from (with the impli- 
cation of “inferior to”) those of the 
normal population (36, pp. 235-238). 
Not all anomalous individuals are as 
fortunate as the types shown in Fig. 13, 
however. Many give evidence of real 
color weakness, in addition to distor- 
tions of the kinds already discussed 
(40). These color-weak individuals 
Seem to have been deprived of some 
of the efficiency of the neural response 
Processes, particularly of the red-green 
Opponent pair, and their systems may 


be represented in terms of the theory 
by the kinds of response functions given 
as examples in Fig. 14. The visual pig- 
ments of these three types of individuals 
are taken to be the same as those shown 
in the preceding figure, respectively, but 
the red-green paired system is reduced 
to one-tenth of the normal strength. 
Such observers have real losses in color 
discrimination in addition to possible 
color distortions, and their color matches 
are imprecise as well as deviant. Indi- 
viduals with congenitally abnormal color 
systems are frequently of this general 
type, and cases of acquired color blind- 
ness caused by degenerative disease in- 
variably show this kind of color weak- 
ness at some stage in the development 
of the neural disorder (31). 

When the weaknesses become extreme, 
whether in congenital or acquired dis- 
orders, the red-green system seems to 
be entirely lost to normal function, and 
a condition of dichromasy, or so-called 
“color-blindness,” results. That is, the 
visual system becomes a two-variable 
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Fic. 15. Theoretical chromatic and achro- 
matic response functions for equal energy 
spectrum. For observers with nonfunctioning 
red-green response processes. 
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one, as shown in Fig. 15. Here the 
yellow-blue and the white-black neural 
systems remain intact and functioning, 
but there is no red-green response func- 
tion. If the red-green loss occurs with- 
out changes in the visual pigments, the 
remaining yellow-blue and white-black 
response functions are like those of the 
normal individual; but, since there is 
no red-green system, the spectrum is 
divided into only two hue sections 
for these individuals. The short wave 
lengths which normally vary from violet 
through blue and blue-green to pure 
green all appear as blue, but of varying 
saturations, with a neutral region where 
the normal pure green occurs. Beyond 
this wave length the remainder of the 
spectrum appears yellow, in varying 
saturations, out to the extreme long- 
wave limit of visibility. The luminosity 
function is the same as for the observer 
with normal color vision. Individuals 
who fit this response pattern would be 
classified as deuteranopes (29). If the 
visual pigments are altered, so as to 
produce an absorption shift toward the 
short wave lengths in addition to the 
complete red-green neural loss, then the 
spectrum is again divided into a short- 
wave blue and a long-wave yellow sec- 
tion, but the neutral region that divides 
the spectrum into the two major hues 
occurs at a shorter wave length than for 
the deuteranopes. The luminosity func- 
tion is also displaced in this type of 
dichromasy, as it is for the anomalous 
individuals with similar photopigment 
changes, and the type of “color-blind” 
vision associated with this pattern is 
called protanopia (29). 

These two theoretically assumed kinds 
of deviation from the normal system— 
i.e., photopigment changes and neural 
losses or weaknesses of the paired red- 
green response system—permit us to 
assemble a systematic picture of the 
many various manifestations of abnor- 


mal red-green vision that defy under- 
standing in terms of any model of the 
visual system that assumes a one-to- 
one correspondence between light ab- 
sorption in the retinal receptors and 
the resulting color sensations (22, 27). 

Defects or losses may also occur in 
the yellow-blue neural response system, 
although such defects seem to be much 
more rare than the red-green defects. 
Again, these yellow-blue neural losses 
may take place either with or without 
changes in the photosensitive materials 
in the retina. Examples of the remain- 
ing red-green and white-black response 
functions in two types of yellow-blue 
blindness are given in Fig. 16. In each 
type of this disorder, the yellow-blue 
neural response function is missing, and 
the total gamut of colors for these in- 
dividuals includes only neutral and reds 
and greens of various saturations. If 
there is no simultaneous photopigment 
disorder, there are two neutral points in 
the spectrum, one in the region where 
the normal sees a pure yellow, and an- 
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other in the region where the normal 
sees a pure blue. Yellow-blue blindness 
of this sort is called tetartanopia, and 
only a few cases of it have been re- 
ported in the literature (e.g., 34, pp. 
68-92). Slightly more common is the 
second type of yellow-blue blindness, 
known as tritanopia (49), in which not 
only the neural yellow-blue system is 
lost, but also the short-wave photopig- 
ment seems to be missing. Observers 
of this type have a neutral point in 
the normally yellow-green region of the 
spectrum, but there is no second neu- 
tral point, and the green hues extend 
into the short-wave region that appears 
violet to the person with normal color 
vision. 

For all these types of deviant color 
vision, calculation from the theoretical 
spectral response functions of discrimi- 
nation curves, color mixture equations, 
and other psychophysical relations are 
in good agreement with the experimental 
data that are available for the various 


kinds of defective color systems (22, 
27). 


Opponents-Theory and Neurophysiology 


The conceptual model for the oppo- 
nent-colors theory as originally presented 
by Hering drew its sharpest criticism on 
the grounds of being bad physiology. 
Some of this criticism was based on 
an erroneous interpretation of Hering’s 
views, an interpretation that incorrectly 
assigned the opponent processes to the 
photochemical activities in the retinal 
cells. Hering’s own concept of mutu- 
ally opponent neural processes, each 
capable of being activated by exter- 
nal stimulation, was also, however, far 
ahead of the knowledge of neurophysi- 
ology at the time it was proposed (16). 
But this concept now turns out to be 
perfectly consistent with the picture of 
neural function that is only just re- 
cently beginning to build up from elec- 


401 


trophysiological studies of the visual 
neural apparatus. 

It has become clear that nerves do 
not simply respond or fail to respond 
when a stimulus is presented to the ap- 
propriate end-organ. Rather, they may 
respond according to any of a number 
of quite specific patterns. For example, 
a nerve fiber may (a) discharge at the 
onset of stimulation and subsequently 
gradually become quiet; (b) discharge 
at both onset and cessation of stimula- 
tion with a quiet period in between; or 
(c) cease any spontaneous activity when 
first stimulated and during continued 
stimulation, but respond with a burst of 
electrical impulses when the stimulus 
ceases to act (7). The on- and off- 
phases of discharge are mutually in- 
hibitory processes, they are associated 
with slow electrical potentials of oppo- 
site sign, and they cancel each other 
when the experimental conditions are 
so manipulated as to cause both on- 
and off-discharges to impinge simultane- 
ously on the same ganglion cell (6). In 
Granit’s opinion (6), the evidence from 
electrophysiology provides a “belated 
vindication of Hering’s view” that the 
visual system is characterized by mutu- 
ally opponent neural processes. 

The concept of mutual interaction 
among the various elements of the 
physiological field is also basic to the 
theory and is critical to an understand- 
ing of both areal effects and simultane- 
ous contrast phenomena. Here again, 
we find the researches in electrophysi- 
ology indicating that individual nerve 
elements never act independently, and 
that visual function must be thought of 
in terms of the integrated action of all 
the units of the neural visual system 
(8). Hartline (9) has found that, even 
in the very simple Limulus eye, the dis- 
charge of impulses in any one optic 
nerve fiber depends not only upon the 
stimulus to the specific receptor unit 
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from which that fiber arises but also 
upon the stimulation over the entire 
population of mutually interacting ele- 
ments. Both excitatory and inhibitory 
interactions of the sort to be expected 
by theory have actually been demon- 
strated in the neural responses of the 
vertebrate visual system by Hartline 
(8), Kuffler (32), and Granit (6). 

The way in which the postulated 
three independent systems of paired 
opponent processes (y-b, r-g, w-bk) 
are differentiated neurally is still a 
matter for conjecture. Hering thought 
it was a matter of process specificity, 
but was willing to use the concept of 
material, or structural, specificity, which 
he guessed would be more readily com- 
prehended by most interested readers of 
his views at the time. Our own theo- 
retical preference at this time is the 
conjecture that a particular color qual- 
ity is more probably determined by a 
particular state of the nervous tissue 
than by activity of a particular struc- 
tural element in the nervous network. 
Thus, we would be inclined to look for 
a difference between yellow-blue vs. red- 
green processes, rather than toward iso- 
lation of yellow-blue or red-green fibers 
or nerve cells. 


SuMMARY 


This paper has presented a summary 
of our progress to date in providing a 
quantitative formulation for the Hering 
opponent-colors theory, and in relating 
the postulated visual mechanism to spe- 
cific problems of color sensation, color 
mixture and color discrimination; to the 
dependence of these functions on the 
physical variables of both stimulus wave 
length and energy level; to their fur- 
ther dependence on adapting and sur- 
round stimulation; and to the changes 
in these functions that occur in various 
kinds of abnormal color vision. It is 
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our conclusion that the opponent-colors 
theory serves as a fruitful working hy- 
pothesis by bringing a systematic co- 
herence to the mass of isolated color 
phenomena that have been reported and 
subjected to quantitative experiment 
throughout the years. The physiologi- 
cal concepts basic to the theory are 
also shown to be consistent with recent 
findings in neurophysiology. 
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